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ATT1D>E  OF  NORTH  AMERICA 


BY 


GEORGE  W.  AND  ELIZABETH  G.  PECKHAM. 


INTRODUCTION. 


On  account  of  tho  habits  of  the  Attida*  they  are,  in  comparison  with 
other  families,  i>oorly  represented  in  collections.  The  most  imiwrtant  con- 
tribution to  tlie  knowledge  of  North  American  si)ecies  is  the  work  of  N.  M. 
Hentz,  his  studies  having  been  largely  carried  on  in  the  southern  states. 
The  papers  of  Hentz  were  originally  published  in  the  Journal  of  the  Boston 
Society  of  Natural  History,  from  1842-45,  but  are  found  in  more  convenient 
form  in  the  collection  made  by  i3urgess  in  1875.  Tlie  works  of  Baron 
Walckenaer,  1837-47,  and  that  i)art  of  Die  Anichniden,  by  G.  K(Kh,  pub- 
lished in  1845,  contain  discriptions  of  many  American  Attidte,  but  owing  to 
the  vagueness  of  the  descriptions  comparatively  few  can  be  identified  with 
certainty.  So  far  as  Koch  is  concerned  this  Ls  of  slight  imiwrtance,  as  his 
work  was  proceeded  by  that  of  Hentz.  But  with  Walckenaer  the  question 
of  priority  comes  up,  as  doubtlesj  many  of  the  species  commonly  ascribed  to 
Hentz  were  first  published  by  him,  and  he  should  be  credited  with  all  such 
species  as  can  be  identified  from  his  descriptions.  The  important  question 
is,  what  fc-pecies  can  be  identified  by  Walckenaer s  descriptions? 

We  have  made  a  very  caraful  study  of  the  descriptions  of  Walckenaer's 
sixty-four  species,  comparing  them  with  nearly  all  Hentz's  8i)ecies  and 
with  many  others  from  different  sources  and  we  have  been  able  to  identify 
only  four. 

On  the  subject  of  priority  we  agree  with  Dr.  Thorell  that  **  to  reject  a 
name,  as  some  liave  proposed  to  do,  on  account  of  defectivenesn  in  the  defi- 
nition, would  seem  not  to  be  right,  as  leaving  room  for  much  arbitrariness. 
What  seems  to  one  good  enough  may  to  ancther  ai)pear  insufficient  or  faul- 
ty. When  one  only  knows  with  certainty  what  is  to  he  understood  by  such 
a  name,  every  one  can  either  alter  or  improve  the  characterization  for 
himself.  * "  We  wish  it  to  be  understood  that  we  reject  none  of  W^alck- 
enaer's  sj^ecies  on  account  of  defectiveness  of  definition.  We  accept  them 
whenever  we  are  able  to  identifv  them. 

Walckenaer's  work  on  North  American  species  was  largely  based  on  the 
manuscript  plates  of  Abbot.  He  does  not,  so  far  as  we  know,  state  express- 
ly tliat  he  has  seen  any  of  the  specimens,  but  that  he  has  examined  most 
of  them  must  Ixi  understocxl  from  the  following  statement  which  he  makes 
before  enumerating  thirteen  species.  "  Les  especes  suivantes  n'out  pas  ete 
observees  par  nous,  et  ne  sont  placees  dans  cette  section  que  sur  les  indica- 
tions fournie'S  par  les  figures  do  Tovurage  ]MSS.  d'Ablx)t,  intitule:  Georgian 
Spiders.  *' 

^-M  -  — -      --         -      .^^ 

*  On  Euroi)ean  Spid?i*s,  I.,  p.  ."j.    Th«»  italics  in  the  concluding  sentence  are  ours. 
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Had  Walckenaer  i)ublislie<l  Abbot's  plates  in  connection  with  his  descrip- 
tions it  would  doubtless  ha've  been  easy  to  identify  many  of  his  species,  but 
as  the  law  of  priority  deals  only  with  published  matter,  his  claim  to  species 
must  rest  u]K)n  his  descriptions  alone,  although  Abbot's  manuscript  plates 
may  be  seen  in  the  British  Museum.  In  the  event  of  their  publication  at 
some  future  time,  such  species  as  are  identifiable,  for  the  first  time,  throu^ 
the  figures,  must  be  ascribed  to  Abbot  at  that  date,  and  not  to  Walckenaer. 

A  good  example  of  the  diflficulties  of  dealing  with  Walckenaer  may  be 
found  in  a  species  which  he  published  in  his  first  volume  as  Attus  prater- 
VU8,  a  black  si)ider  with  black  legs  and  palpi.  In  his  fourth  volume  he 
refers  to  this  species,  saying:  "  Add  to  the  synonymy  Plexippus  undatus 
Koch.*'  Now  there  is  no  doubt  tliat  this  last  mentioned  spider  is  identical 
with  Attus  vittatus  ( 6  )  Hentz,  one  of  our  most  common  species.  The  de- 
scription and  figure  of  Koch  represent  it  fairly  well  as  a  dark  spider  with 
chevrons  of  white  hair,  and  yelloio  legs  ami  palpi.  As  a  matter  of  fact  the 
general  appearance  is  very  seldom  so  dark  as  would  appear  from  Koch, 
who  seems  to  have  described  from  a  single  specimen.  If,  indeed,  Walcke- 
naer*s  A.  protervus  and  Koch's  PL  uudatus  are  identical,  Walckenaer's  de- 
scription is  absolutely  false  and  l)eara  no  resemblance  to  the  species.  We 
can  only  sup[x>se  that  Walckenaer  was  mistaken  in  thinking  them  identical. 

We  have  callections  from  various  piirts  of  North  Americ^a.  Those  of 
Count  Keyserling  (containing  a  number  of  type-specimens)  and  of  Mr.  Nic- 
olas G.  Pike  have  Ixjen  of  esjiecial  use  to  us.  We  are  also  indebted  for 
specimens  to  the  following  ix^rsons.  Tlie  locality  in  wliich  each  collection 
was  made  is  indicated  after  the  name  of  the  sender. 

Miss  Edith  Gifford,  Mexico;  Mr.  Chas.  Mann,  Lomsiana,  Florida;  Mr.  Fr. 
Rauterberg,  Texas;  Miss  Augusta  Tovell,  Texas:  Mr.  Thos.  Gentry,  North 
Carolina,  Sf>uth  Carolina,  Georgia;  Mr.  F.  S.  Risley,  Florida;  Col.  J.  J. 
Young,  Pennsylvania;  Mr.  Philip  Nell  (for  many  si)ecimeus),  Pennsylvania; 
Mrs.  Mary  B.  Putnam,  Iowa,  Utah;  Mr.  Aurelius  Todd,  Oregon;  Miss  Mur- 
ray, California;  Mr.  L.  E.  Ricksecker,  California;  Prof.  J.  J.  Rivers,  Cali- 
fornia; Mr.  W.  G.  Harford,  California,  Washington  Territory;  Mr.  W.  G. 
Wright,  California;  Prof.  O.  B.  Johnson.  Washington  Territory;  Dr.  F. 
Brendel,  Illinois;  Mr.  Philip  Abbot,  Massachusetts;  Mr.  H.  Van  Rensselaer , 
Connecticut;  J.  B.  Tyrrell,  Esq.  (Geol.  Survey  of  Canada),  Canada,  Rocky- 
Mountains;  Rev.  H.  C.  McCook,  various  ])arts  of  United  States;  M.  E.  Si- 
mon, Mexico;  Dr.  Ferdinand  Karsch,  collection  of  Attidas  of  Royal  Mu- 
seum of  Berlin  (containing  many  North  American  six^t^imens.) 

North  American  Attida*  liave  been  described  Ijy  the  following  writers: 
Walckenaer:  Hist.  Nat.  des  Insectes  Apteres,  1837  ?-47. 
N.  M.  Hentz:  Occasional  Papers,  1 842-4^5. 
C.  Koch:  Die  Arachniden,  1846. 
Gebbel:  Illinois  Spiders,  Zeitschrift  fur  Gesammten  Naturwissenschaften, 

1869. 
J.  Black  wall:  Spiders  from  Canada,  Ann.  &  Mag.  of  Nat.  Hist. 
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T.  Thorell:  Spiders  of  Colorado,  Bull,  of  Hayden's  U.  S.  Survey  of  the 

Territories. 
E.  Keyserling:  Neue  Spinnen  aus  Amerika,  VI. 
H.  C.  McCook:  Proc.  Acad.  Nat.  Sci.  of  Philadelphia,  1883. 
Peckham:  Descr.  new  or  little  known  Attidse,  1883. 

The  Attidas  have  usually  a  high  cephalothorax  with  almost  vertical  sides, 
and  short  and  thick  extremities,  although  there  are  many  exceptions.  Per- 
haps the  position  and  relative  size  of  the  eyes — in  which  they  most  nearly 
approach  the  Lycosidae  —  is  of  most  value  in  defining  the  family.  The 
eyes  are  arranged  in  three  or  four  transverse  rows,  three  in  the  sub-family 
AttinsB  and  four  in  the  sub-family  Lyssomanse.  In  the  former  the  first 
row  is  composed  of  four  eyes,  the  middle  ones  being  the  largest;  the  second 
row  is  composed  of  two-  very  small  eyes,  and  the  third  of  two  of  medium 
size.  In  the  Lyssomanae,  the  two  outer  eyes  of  the  first  row  are  placed  so 
far  back  as  to  divide  it  into  two  transverse  rows;  otherwise  the  eyes  are 
alike.  The  spiders  are,  many  of  them,  very  brilliantly  colored  —  as  much  so 
as  are  the  humming  birds  or  beetles.  As  the  markings  are  commonly 
formed  of  colored  hairs  or  scales,  they  change  considerably  when  the  spider 
is  wet,  and  are  moreover,  very  easily  rubbed  ofif.  The  entire  appearance  of 
a  spider  may  thus  be  changed,  and  its  identification  rendered  difficult,  if 
not  impossible.  The  AttidaB,  like  the  birds,  moult  frequently,  and  at  each 
moult  the  markings  may  change,  so  that  some  of  the  older  writers  have 
formed  several  species  for  the  different  moults  of  one.  These  difficulties  are 
increased  by  the  fact  that  the  adult  males  and  females  of  a  species  usually 
differ  considerably  in  appearance. 

Although  a  great  many  species  have  been  described,  we  have  been  able  to 
identify  but  a  limited  number.  The  Attidse  live  on  the  ground,  on  plants, 
and  on  trees,  jumping  on  their  prey.  They  form  no  web,  but  generaUy  at- 
tach a  line  when  they  jump,  to  save  themselve  in  case  tliey  miss  their  aim. 
The  females  place  the  cocoon  under  leaves  or  bark  and  spin  some  cross  lines, 
under  which  they  stand  until  tlie  eggs  are  hatched.     . 

Of  the  fifty-five  species  described  by  Hentz,  we  have  identified  forty-five. 
Of  the  ten  remaining,  probably  five  or  six  are  varieties  of  those  that  we 
have  descrilied,  but  this  being  uncertain,  we  have  not  included  them. 

The  key  which  follows  is  useful  only  in  determining  the  species  described 
in  this  paper: 

Key  to  Genera  of  North  American  Attld^. 

1.  Eyes  in  ftmr  rows Lyssomanes. 

2.  Eyes  in  three  rows 3 

3.  Body  slender,  ant-like,  legs  weak 5 

4.  Body  not  slender  nor  ant-like 9 

5.  Cephalic  i>art  higher  than  thoracic:  lip  much  longer  than  wide 

Salticus. 

6.  Cephalic  i)art  not  higher  than  thoracic:  lip  as  wide  as  long 7 
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7.  Thoracic  part  divided  ])y  a  marked  constriction  into  a  shorter  an- 

terior and  a  longer  posterior  portion:  quadrangle  of  eyes  wider 
than  long Syxemosyna. 

8.  Tlioracic  i>art  not  divided;  quadrangle  of  eyes  much  longer  than 

wide Synaoeles. 

9.  Cephalic  part  at  least  as  long  as  thoracic  * 11 

10.  Ceplialic  i^jirt  shorter  than  thoracic 21 

11.  Cephalic  ])art  occupying  I  of  the  cephalothorax '  Homalattus. 

12.  C4?phalic  i>art  occup>-iug  plainly  less  than  i  of  cephalothorax 13 

13.  Spiders  very  small  —  not  so  much  as  3  mm.  long 15 

14.  Spiders  •  not  very  small 17 

15.  Quadrangle  of  eyes  equally  wide  in  front  and  behind,  legs  4,  3,  1,2 

*  Neon. 

16.  Quadrangle  of  eyes  >\ider  behind,  legs  4,  1,  2,  3 Ballus. 

17.  Quadrangle  of  eyes  equally  wide  in  front  and  behind;    first  row 

strongly  curved;  cephalothorax  very  convt*x,  with  cephalic  part 
strongly  inclined  fon\-ard,  and  falling  steeply  behind. . .  Agobardus. 

18.  Quadrangle  of  eyes  wider  behind;    first  row  straight  or  very 

slightly  curved;  shape  of  cephalothorax  unlike  the  above 19 

19.  Cephalothorax  high,  nearly  as  wide  as  long;   dorsal  eyes  at  widest 

point  of  cephalothorax,  opposite  a  corner,  and  projecting;  quad- 
drangle  of  eyes,  looked  at  from  above,  seeming  to  occupy  f  of 
ceplialothorax Zyooballus. 

20.  Unlike  the  above Eris. 

21.  Quadrangle  of  eyes  wider  in  front 23 

22.  Quandrangle  of  eyes  wider  behind,  or  equally  wide  in  front  and 

behind 27 

23.  First  row  of  eyes  straight;  patella  +  tibia  III  shorter  than  patella 

+  tibia  IV AsTiA. 

24.  First  row  of  eyes  curved;  patella  +  tibia  III  equal  to  patella  + 

tibialV 25 

25.  Dorsal  eyes  nearer  to  each  other  than  to  lateral  lx)rders;  legs  (6) 

1,  3.  4,  2;  (?)  4,  3,  1,  2 Prostheclina. 

26.  Dorsal  eves  further  from  each  other  than  from  lateral  borders; 

legs  {6    ? )  '473,  l72" *  Saitis. 

» The  cephalic  part  extends  from  the  anterior  man^in  of  the  lateral  eyes  of  the  first  row 
to  the  posterior  margin  of  the  eyes  of  the  third  row. 

'The  only  North  American  species  of  this  genus  yet  known  has  metallic  reflections,  and 
when  the  spider  is  looked  at  from  above  the  cephalic  part  seems  to  occupy  nearly  the  whole 
cephalothorax. 

*ZygohaU\i8  sexpunctatus  H.  Ls  only  3  mm.  long,  but  is  distinguishe<l  from  Neon  and 
Ballus  by  its  peculiar  falces.  as  well  as  by  the  shape,  and  greater  height  of  its  cephalo- 
thorax. 

*  In  Xeon  the  dorsal  eye  is  plainly  larger  than  the  anterior  lateral. 

*In  Sditis  legs  III  and  IV  are  much  longer  than  I  r.nd  II,  while  in  Prostheclitui  the  diflfer- 
«nce  \s  not  so  marked. 
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27.  ^  Cepliatol thorax  high,  massive;  quadrangle  of  eyes  plainly  wider 

(often  much  wider)  behind;   first  row  of  eyes  usually  curved; 
legsl,4,  3,  2,    1,4,2,3,    4,  1,  3,  2,  or  4,  3,  1,  2 29 

28.  Unlike  the  above 83 

29.  Legsl,  4,  3,  2,     1,4,  2,  3  or  4,  1,  3,  2.. 31 

30.  Legs  4,  3,  1,  2 Plexippus. 

31.  Eyes  of  second  row  twice  as  far  from  dorsal  as  from  lateral  eyes. 

Phidippus. 

32.  Eyes  of  second  row  halfway  or  about  halfway  between  lateral  and 

dorsal  eyes Fbilmus, 

33.  Tliird  leg  longest,  fourth  next Habrocestum. 

34.  Unlike  above 35 

35.  Cephalothorax  convex,  and  high,  or  moderately  high 51 

36.  Cephalothorax  low  and  flat 37 

37.  Abdomen  at  least  four  times  as  long  as  wide;  cephalothorax  low 

and  flat,  not  wider  than  third  row  of  eyes;  legs  of  first  pair  very 
long Hyctia. 

38.  UnUke  the  above 39 

38.    Spines  only  on  metatarsi  of  first  pair '  Admestina. 

40.  Legs  all  spined 41 

41.  Cephalothorax  plainly  wider  than  third  row  of  eyes,  quadrangle 

equally  wide  in  front  and  behind 43 

42.  Unlike  the  above 45 

43.  Quadrangle  of  eyes  i  wider  than  long,  occupying  {  of  cephalo- 

thorax; lateral  eyes  of  first  row  separated  by  not  more  than  J 
their  own  diameter  from  middle  eyes Menemerus  . 

44.  Quadrangle  of  eyes  J  wider  tlmn  long,  occupying  ^  of  cephalo- 

thorax; lateral  eyes  of  first  row  separated  by  at  leasts  their  own 
diameter  from  middle  eyes Marptusa. 

45.  Mid  He  eyes  of  first  row  three  times  as  large  as  lateral  eyes;  quad- 

rangle of  eyes  nearly  twice  as  wide  as  long *  Sad  ALA. 

46.  Middle  eyes  of  first  row  about  twice  as  large  as  lateral  eyes:  quad- 

rangle of  eyes  not  more  than  ^  wider  tlian  long 47 

47.  Metatarsi  III  and  IV  with  spines  only  in  terminal  circles;  legs  never 

(,?)4,  1,  2,3,  nor  1,3,  2,4;  (?)  4,  1,  3,  2,  nor  4,  3,  1,  2 IciUS. 

48.  Metatarsi  III  and  IV  with  spines  tlrroughout  their  length:  legs  (6) 

4,  1,273'orl,  3,  2,  4;  (?)  4,  1,3,  2  or  4,  3,  1,2 49 

49.  Coxae  I  nearly  touching;  legs  (  $ )  4,  1,  2,  3;  (?)  4,  1,  3,  2;  quadran- 

>  Spidors  in  this  group  except  Phidippus  rufus,  Philccua  militarise  and  Plexippus  puer- 
penis  are  large,  from  8  to  16  mm  (commonly  about  10  ram)  in  length.    The  sides  of  the 
cephalic  part  are  iwually  much  swollen. 

*  Our  only  species  of  Admestina  is  small,  not  more  than  4mm  long. 

'  fkiddln  is  distinguished  from  leiiis  by  having  spines  throughout  the  length  of  the  meta- 
tarsi of  the  third  and  fourth  le;^,  and  by  having  the  leg  fonnula  1,  4,  2, 3.  Our  only  species 
of  Sadala  is  from  Mexico. 
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gle  of  eyes  i  wider  than  long;  middle  anterior  eyes  touching; 
eyes  of  second  row  a  little  nearer  the  lateral  than  the  dorsal  eyes, 

Ctbba. 

50.  Coxae  I  separated  by  width  of  labium;  legs  ( i )  1,  3,  2,  4;  (?)  4, 3, 
1,2;  quadrangle  of  eyes  less  than  one  third  wider  than  long;  mid- 
dle anterior  eyes  subtouching;  eyes  of  second  row  halfway  be- 
tween lateral  and  dorsal  eyes Cytma. 

61.  First  row  of  eyes  straight  * 85 

62.  First  row  of  eyes  curved 59 

53.  Middle  eyes  of  first  row  touching 55 

54.  Middle  eyes  of  first  row  not  quite  toucliing 57 

55.  Metatarsi  III  and  IV  with  spines  only  in  terminal  circles;  quad- ' 

rangle  of  eyes  equally  wide  in  front  and  behind;  eyes  of  second 
row  half  way  between  lateral  and  dorsal  eyes E^iblemum. 

56.  Metatarsi  III  and  lY  spined  throughout  their  length;  quadrangle 

of  eyes  wider  behind;  eyes  of  second  row  neai^er  thfe  lateral  thari 
the  dorsal  eyes Attus  E.  S. 

57.  Lateral  eyes  of  first  row  nearly  touching  middle  eyes;  eyes  of  sec- 

ond row  nearer  lateral  than  dorsal  eyes;  legs  ( i )  1,  4,  2,  3;  (?) 
4,  1,  3,  2. PsKUDicius.* 

58.  Lateral  eyes  of  first  row  separated  by  i  their  own  diameter  from 

middle  eyes;  eyes  of  second  row  not  nearer  lateral  tlian  dorsal 
eyes;  legs  ( ^ )  1,  3,  4,  2;  (?)  4,  3,  1,  2 Hasarius. 

59.  Dorsal  eyes  nearer  to  each  other  than  to  lateral  borders M-fflViA. 

60.  Dorsal  eyes  further  from  each  other  than  from  lateral  borders 61 

61.  Quadrangle  equally  wide  in  front  and  behind;  legs  4,  3,  2,  1 

Attus  W.' 

62.  Quadrangle  wider  beliind;  legs  not  4,  3,  2,  1 Dendryphantks. 

The  following  tables  are  useful  only  for  spiders  described  in  this  paper. 

They  are  designed  to  furnish  an  easy  method  for  determining  species.  To 
use  them,  determine  the  relative  length  of  the  legs  of  the  spider  in  ques- 
tion and  find  the  corresponding  formula  in  the  tables.  This  will  usually 
place  the  spider  in  a  group  of  four  or  five  genera,  rendering  it  a  compara- 
tively easy  matter  to  determine  the  genus.  When  the  difference  between 
two  legs  is  extremely  slight  they  are  placed  together  with  a  dash  alx)ve. 
The  tables  do  not  include  the  genera  Synemosi^tiaf  Synageles^  Salticus  and 
Lyssomanes;  Dendryphantes  mv  It  (color  also  does  not  appear  since  our  only 
specimen  has  but  three  legs. 

1  It  requires  practice  to  distinguish  a  straight  from  a  slightly  curved  row  of  eyes,  but 
since  these  genera  are  only  represented  by  three  species  the  difficulty  will  be  inconsider- 
able. E.  Bcenicum  is  a  dark  spider  with  two  oblique  white  bands  on  each  side  of  the  aMo- 
men;  A.  palustria  has  two  white  spots  near  the  center  of  the  d«.rsum  of  the  ab<iomen; 
A.  imperialiH  has  four  snowy  white  oblique  bands  on  the  face  and  falces  and  a  ring  of  white 
on  the  distal  end  of  the  femur  of  the  palpus. 

3  Our  only  species  of  this  genus  is  from  west  of  the  Rocky  Mountains. 

'  The  species  which  we  leave  in  Attus  Walck.  It  being  only  repre.sented  by  an  imuiature 
specimen  we  do  not  detennine  its  genus. 
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TABLE  OF  LEO  FORMUL-ffl  FOR  HALES. 


12  3  4 

Plexippus  puerperuB. 

1  3  2"4 
Cytmjl  minuta. 


13  4  2 
Hasarius  hoyi. 
Prostheclina  cambridgii. 


14  2  3 
Phidippus  mexicanus. 
Phidippus  arizonensis. 
Phidippus  insolens. 
Phidippus  johnsonii. 
Phidippus  octopunctatiis. 
PHlKfiUS  chrysis. 
Dendryphantes  capitatus. 
Dendryphantes  flavipedes. 

Attus  palustris. 
Attus  imperialis. 
Icius  albovittatus. 
Icius  palmanim. 
Hyctia  pikei. 
Marptusa  familiaris. 
Marptusa  calif omica. 
Menemerus  melanagnathus. 
HoMALATTUS  cyaneus. 
Zyooballus  sexpunctatus. 
Zyooballus  bettini. 
Sadala  distincta. 

14  3  2 
Icius  piraticus. 
Icius  mitratus. 
3IENEMERUS  paykullii. 
Agobardus  anormalis. 

4  1  2~3 
Cyrba  t«eniola. 
Ballus  youngii. 


4  3  12 


14  2  3 
Phidippus  ruf  us. 
Phidippus  morsitanfl. 
Phidippus  cardinalis. 
PHiLuffiUS  militaris. 
Dendryphantes  elegans. 
MiEViA  califomica. 
Epiblemum  scenicum. 

n  2l 
Pseudicius  harfordii. 


14  3  2 


ASTIA  inoroea. 


Habrocestum 
Habrocestum 
Habrocestum 
Habrocestum 
Habrocestum 
Habrocestum 
Habrocestum 


3  4  12 

coronatuin. 

viridipes. 

I^eregrinum. 

auratum. 

hirsutum. 

splendens. 

oregonense. 


4  13  2 
AsTiA  vittata. 
Admestina  wheelerii. 

4  3  12 
Plexippus  putnamii. 
Neon  nellii. 


4  3  2  1 


Saitis  pulex. 


Attus  cautus. 
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T.VBLE  OF  LEG  FORMl'L.E  FOR  FEMALES. 


14  23 


Eris  nervosus. 
Hyctl\  pikci. 


14  3  2 
Phil.«us  mexicanus. 
Ictus  palmaniui. 


14  3  2 
Dendryphaxtes  flavus. 

3  4  12 
Habrocestum  coecatum. 
Habroc'ESTUM  viridii^es. 
Habrocestum  cristatum. 
Habrocestum  auratum. 
Habrocestum  splendens. 

Tl  2  3 
Zygoballus  bettini. 


14  2  3 
PsEUDicius  harfordii. 

4  12  3 
Phidippus  inorsitans. 
Phidippus  galathea. 
Phidippus  m'oookii. 
Phidippus  opifex. 
Pendryph  ANTES  alboimmaculatus. 
Attus  palustris. 
Icius  lineatus. 


4  12  3 
Phidippus  rauterbergii. 
Phidippus  ininiatiis. 
PhiLjEUS  fartilifi. 
Phil-EUS  militaris. 
Dendryphantes  capitatus. 
Cyrba  tfeniola. 
Marptusa  fainiliaris. 
Marptusa  califomica. 
Ballus  youngii. 

4  3  12 
Hasarius  hoyi. 
Prostiiecuna  cainbridgii. 
AsTiA  vittata. 
Cyt-'Ea  minuta. 
Menemerus  melanognathus. 
Agobardus  anormalis. 

4  3l  2 
AsTiA  niorosa. 

41  1  2 
Plexippus  puerperus. 


4  13  2 
Icius  mitratus. 

4  13  2 
Phidippus  rufus. 
Phidippus  obsciirus. 
Phidippus  insolens. 
Phidippus  albomaculatus. 
Phidippus  johnsonii. 
Phidippus  otiosvLs. 
PhiU/EUS  fameus. 
Phil^us  chrysis. 
Philjeus  princ<?ps. 
Phil-EUS  rimator. 
Dendryphaxtes  elegans. 
Eris  barbiix?s. 
Epilbemum  scenicum. 


4  3  12 


Saitis  pulex. 
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PHIDIPPUS    (C.  Koch.) 

Ceplialothorax  liigh^and  convex,  contracted  in  front  and  behind,  sides 
usually  widely  rounded,  especially  in  ^  ,  cephalic  part  inclined  for- 
ward, and  separated  from  the  thoracic  by  a  depression;  thoracic  part 
slanting,  at  first  gradually  and  then  more  steeply  from  the  dorsal  eyes. 
Quadrangle  of  eyes  i  wider  than  long  (excepting  arizonensis,  which 
is  \  wider  than  long,  and  opifex  which  is  f  wider  tlian  long),  wider 
behind  than  in  front;  anterior  eyes  small,  in  a  curved  row,  the  mid- 
dle not  more  than  twice  as  large  as  the  latent,  and  but  little  separ- 
ated; the  lateral  separated  from  them  by  from  i  to  f  their  own 
diameter;  eyes  of  second  row  twice  as  far  from  dorsal  as  from  lateral 
eyes;  eyes  of  third  row  about  as  large  as  lateral  eyes,  at  least  as 
far  from  each  other  as  from  the  lateral  borders.  Third  row  of  eyes 
narrower  than  the  cephalothorax  at  that  place.  Clypeus  from  ^  to 
4  as  high  as  largo  middle  eyes,  vertical.  Falces  usually  stout  and 
nearly  twice  as  long  as  face.  Labium  longer  than  wide,  about  i  as 
long  as  maxillae.  Sternum  deep  set,  projecting  between  the  anterior 
coxaj  which  are  separated  by  width  of  labium  or  a  little  less.  Legs 
( ,? )  1,  4,  2,  3;  (  ?  )4,  1,  2,  3,  or  4,  1,  3,  2;  first  leg  stoutest,  with  femur 
and  tibia  enlarged  and  compressed,  stouter  than  patella,  and  much 
stouter  than  metatarsus  and  tarsus.  Tibia  and  patella  of  the  first 
usuaUy  a  little  shorter  than  cephalothorax;  tibia  and  patella  of  the 
third  shorter  than  tibia  and  patella  of  the  fourth;  tibia  and  patella  of 
the  fourth  at  least  as  long  as  metatarsus  and  tarsus  of  the  fourth. 
Femoral,  tibial,  metatarsal  and  sometimes  patellary  spines  on  the 
four  pairs;  metatarsi  of  the  fourth,  spined  throughout  their  length. 


PHIDIPPUS  MORSITANS    Walckexaer. 

Plate  I,  fl;rurei  1,  1  a.    Plat?  11,  figure  1. 

Syyi.:  1837.  ?  Attus  viorsifans  Walck.,  Hist.  Nat.  des  Insectes  Aptercs,  I.  p. 

432. 

1844.  **         audax  Hentz,  Journal  Boston  Soc.  Nat.  Hist.,  Vol.  FV. 

1845.  **         tripiinctatuH  id.,  ibid.,  YohY. 

1846.  FniDiPPUS  variegatns  C.  K.,  Die  Arachn.,  XIII,  p.  125. 
1846.  '*     pnrpurifer  id.,  ibid.,  XIII,  p.  127. 

1846.  ''  .wjaragrdi/er  id.,  ibid.,  XIII,  p.  128. 

1846.  '        "  alchymista  id.,  ibid.,  XIII,  p.  131. 

1846.  "  ruflmanns  id.,  ibid.,  XIII,  p.  132. 

1846.  ''  lunula f us  id.,  ibid.,  XIII,  p.  133. 

1846.  '•  munclulus  id.,  ibid.,  XIII,  p  137. 
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Syn.:  1847.    Attus  morsitans  Walck.,  Hist.  Nat.  dea  Insectes  Apteres,  IV, 

p.  419. 

1875.  Attus  audax  Hkntz,  CJoU.  Arachn.  Writings  ed.  by  Bur- 
gess, Boston,  p.  50. 

1875.  *'      f ripuncf a ft«  id.,  ibid.,  p.  58. 

1883.  **  **  Peckliam,  Descr.  new  or  little  known, 

Attidae,  p.  83. 

S  .    Total  length  11  mm.    Width  of  abdomen  4.3  mm. 

Cephalothorax:  length  5.3;  width  5.1;  height  2.8.  Legs:  11,  9.1,  9.1,  10.7; 
patella  and  tibia  of  the  first,  5.5;  patella  and  tibia  of  .the  third,  8.2; 
patella  and  tibia  of  the  fourth,  4;  metatarsus  and  tarsus  of  the  fourth,  4. 

Lateral  separated  from  middle  eyes  by  f  their  diameter.  Clypeus  i  as 
high  as  large  as  middle  eyes.  Maxillse  slightly  diverging,  wide  at 
extremity,  with  a  projection  at  the  outer  corner,  inner  margin  slant- 
ing toward  labium.  Labium  ^  as  long  as  maxillae,  contracted  and 
rounded  at  tip.  Sternum  convex,  oval.  Anterior  coxae  separated  by 
width  of  labium. 

?  .    Total  length  15  mm.    Width  of  abdomen  5.6  mm. 

Cephalothorax:  length  5.5;  width  4.4;  height  2.2. 

Legs  10.6,  9,  9,  12.1;  i)atella  and  tibia  of  the  first,  4.2;  patella  and  tibia  of 
the  third,  2.4;  patella  and  tibia  of  the  fourth,  3.2;  metatarsus  and 
tarsus  of  the  fourth,  3.2. 

Relative  length  of  legs  4,  1 ,  2,  3. 

Coloration.  $  .  ? .  Cephalothorax  black,  covered  witli  short  black  and 
gray  hairs,  and  having  some  long  black  hairs  on  the  sides  near  the 
'small  median  eyes;  there  are  sometimes  white  bands  on  the  sides. 
Clypeus  covered  with  white  hairs.  Femur  of  palpus  reddish,  with  a 
black  band  on  inner  side,  three  black  spines,  and  some  black  and  white 
liairs.  The  falces  are  bright  iridescent  green,  with  reddish  fangs. 
The  sternum  and  venter  are  black,  the  venter  having  two  whitish  lon- 
gitudinal bands  which  approach  each  other,  but  terminate  near  the 
apex  without  meeting.  The  abdomen  is  black,  with  thick,  short, 
black  hairs,  and  some  long  white  hairs;  at  the  middle  point  is  a  large, 
more  or  less  triangular,  white  spot;  posterior  to  this  are  two  smaller, 
somewhat  oblique,  white  spots;  lower  down,  and  nearer  the  apex 
than  these,  but  in  a  line  with  them,  are  two  minute  white  dots.  The 
spots  are  formed  by  scales,  which,  through  the  microscope,  look  like 
grains  of  rice.  In  some  specimens  there  are  two  oblique  white  bands 
on  each  side,  and  a  white  band  at  the  base.  Immature  specimens 
frecjuently  have  tlie  spots  orange-colored  instead  of  white.  The  legs 
are  black  and  hairy,  barred  with  rufus  in  young  specimens;  on  the 
inner  side  of  the  patella  of  the  first  leg  is  a  brush  of  wliite  hairs. 

Habitat.    United  States. 

Although  the  markings  of  this  spider  are  similfir  to  those  of  P.  mhiiatus, 
it  has  no  red  hairs  when  adult,  and  is  thus  easily  distinguislied  from  that 
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species.  It  is  possible  that  morsitans  grows  larger  in  the  western  than  in 
the  eastern  states,  as  Emerton  gives  8.6  mm.  as  the  total  length  of  the  9  . 
A  period  of  from  fourteen  to  fifteen  days  is  required  for  the  development 
of  the  eggs  of  this  species. 


PHIDIPPUS  RUFUS  Hentz. 

Plate  I,  figure  2  a.    Plate  II,  figure  2. 

Syn.:  1845.    Attus  rufus  H.,  Journal  Boston  Soc.  Nat.  Hist.,  Vol.  V. 

1845.  **      castaneu9  id.,  ibid..  Vol.  V. 

1846.  Plexippus  rufus  C.  K.,  Die  Arach.,  XIII,  p.  120. 
1846.  **  bi-vittatus  id.,  ibid.,  XIII,  p.  120. 

1875.    Attus  rufus  H.,  Ck)ll.  Arachn.    Writ.,  ed.  by  Burgess,  Bos- 
ton, p.  60. 
1875.  **      castaneus  id.,  ibid.,  p.  55. 

1885.    Phidippus  ruber  Keyserling,  Neue  Spinnen  aus  Amerika,  VI, 
Verhandlungen  Zoologisch  —  botanischen  gesellschaft,  p.  7. 

S  .    Total  length  8.5  mm.    Width  of  abdomen  3  mm. 

Cephalothorax:  length  4.1;  width,  3.4;  height  2.5. 

Legs,  9.9,  7.3,  6.8,  9.2;  patella  and  tibia  of  the  first  4.2;  patella  and  tibia 
of  the  third  2.4;  patella  and  tibia  ofjthe  fourth  3.4;  metatarsus  and 
tarsus  of  the  fourth  3. 

Lateral  rather  more  than  one-half  as  large  as  middle  eyes,  separated  from 
these  by  two-thirds  their  own  diameter.  Clypeus  one-fourth  as  high 
as  middle  eyes.  MaxillaB  nearly  parallel,  enlarged  at  extremity,  with 
projection  at  outer  comer,  slanting  within  toward  labium.  Labium 
a  little  more  than  one-half  as  long  as  maxillae,  contracted  at  tip. 
Sternum  oval,  convex,  nearly  twice  as  long  as  wide.  Anterior  coxsb 
separated  by  width  of  labium.    Legs  without  patellary  spines. 

?  .     Total  length  11.8  mm.     Width  of  abdomen  4.8. 

Cephalothorax:  length  5;  width  3.8;  height  2.7. 

Legs  9.4,  8.1,  8.4,  9.9;  pateDa  and  tibia  of  the  first  3.8;  patella  and  tibia 
of  the  third  3;  pateUa  and  tibia  of  the  fourth  3.5;  metatarsus  and 
tarsus  of  the  fourtli  3.4. 

Maxillae  rounded  at  extremity;  labium  two-thirds  as  long  as  maxillae;  rela- 
tive length  of  legs  4,  1,  3,  2. 

Coloration.  6 .  The  cephalothorax  is  covered  with  bright  yellowish-red 
hairs,  excepting  the  lower  sides  which  are  white;  there  are  some 
long  black  hairs  in  the  eye  region.  The  face,  clypeus  and  palpi  are 
covered  with  white  hairs;  the  falces  are  dark  iridescent  green;  the 
mouth  parts  and  coxae  are  dark  reddish  brown;  the  sternum  is  black 
with  white  hairs;  the  venter  is  black,  with  two  longitudinal  lines  of 
white  hairs  which  converge  behind.     Tlie  abdomen  is  covered  with 
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red  hairs  like  those  on  the  ce])haloth<)rax;  it  has  a  white  basal  band 
which  extends  on  to  the  sides,  and  four  indented  dots.  The  legs  are 
dark  reddish  brown,  with  many  white  hairs. 
?  .  Tlie  color  in  much  less  brilliant  than  in  the  f ,  being  usually  of  a  dull 
brick-red  hue.  The  abdomen,  lx?sides  the  white  l>asal  band,  has  an 
oblique  white  band  on  each  side,  and  two  black  bands  on  the  poste- 
rior dorsal  jxirts:  these  black  Imnds  reach  the  apex,  and  curve  toward 
each  other  anteriorly;  each  has  a  whit^?  dot  at  its  anterior,  and  one 
at  its  i)osterior  end,  and  a  tmnsverse  white  line  ac»ross  the  middle, 
where  it  is  widest.     The  legs  are  reddisli  brown  with  black  rings. 

In  cardhutUs,  with  which  it  might  be  confuse<l,  the  clyjx^us  is  one-third 
not  one-fourth,  and  the  lateral  anterior  eye  is  sej)arated  by  one-half  not  t wo- 
tliirds  of  its  own  diameter  from  the  large  middle*  eye.  The  second  and 
third  legs  in  cardinalis  are  aUmt  equal;  in  rufus  the  swond  is  plainly 
longer  than  the  third. 
ITabitat:  United  States. 


PHIDIPPU8  GALATHEA  Walck. 
Plato  I.  figures  3.  ;ia. 

Syn.:  1837.    Attus  galathea  Walck.,  Hist.  Nat.  des  Insect^,s  Apteres,  I, 

p.  456. 

1845.  Attus  muataceus  Hentz.  Jour.  Bost.  Soc.  of  Nat  HLst.  Vol.  V. 

1846.  Phidippus  asinarim  C.  K.,  Die  Arachniden,  XIII,  p.  139. 

1847.  Attus  gra/af/ie^a  Walck.,  Hist.  Nat.  des  Insectes  Apteres,  IV, 

p.  422. 
1875.    Attus  mi/staceus  Hentz.  Coll.  of  Arachnological  Writings, 

ed.  by  Burgess,  p.  58. 

y  Total  length  11.6  mm.    Width  of  abdomen  4  mm. 

Cephalothorax;  length  5.2;  width  3.8;  height  2. 

Legs  9.6,  8.5,  8, 10.6;  patella  and  tibia  of  the  fii-st  4;  patella  and  tibia  of  the 
third,  3;  patella  and  tibia  of  the  fourth,  3.9;  metatarsus  and  tarsus  of 
the  fouth,  3.4. 

Lateral  separated  from  middle  eyes  by  J  their  own  diameter.  Clypeus  i  as 
high  as  large  middle  eyes.  Maxillae  widened  and  rounded  at  tii>, 
nearly  ])arallel.  Labium  |  as  long  as  maxilla^  about  twice  as  long 
as  wide,  contract<?d  toward  tip.  Sternum  widest  in  the  middle.  An- 
terior coxa2  st»parated  by  scarcely  tlie  width  of  the  labium.  Relative 
length  of  legs  4,  1,  2,  3. 

Coloration:  Cephalothorax  black,  (!overe(l  with  heavy  gray  hairs,  and  two 
tufts  of  black  hairs  on  each  side  of  the  eye  region.  Alxlomen  covered 
with  gray  haii-s  with  two  pairs  of  white  spots  on  the  anterior  part  of 
the  dorsum;  when  somewhat  rubbed  a  blackisli.  scalloped  band  ap- 
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pears  wliich  occupies  the  central  region.    Clypeus  covered  with  white 
hairs;  palpi,  legs,  sternum,  and  venter  with  gray  hairs:  falces  iri- 
descent green;  mouth  parts  reddish  brown. 
Habitat:    Eastern  United  States. 

PHIDIPPUS  CARDINALIS    Hentz. 
Plate  n,  flgui-e  4. 

Syn.:  1844.    Attuh  cardinal  is  Hentz,  Journal  Boston  Soc.  Nat.  Hist.,  p. 

886. 
1875.    Attus  earrfmaZ/«  id.,  CoD.  of  Arachn.  Writ.  ed.  by  Burgess, 

Boston,  p.  51. 
1883.     Attus  cardinalis  Peckliam,  Descr.  new  or  little  known  Attidse, 

p.  31. 

$  .    Total  length  9.5  mm.    Width  of  abdomen  3  mm. 

Cephalothorax:  length  4.1;  width  4;  height  2.8. 

Legs  11.1,  8.2,  8.2,  10.7;  patella  and  tibia  of  the  first  4.5;  patella  and  tibia 
of  the  tliird,  3;  patella  and  tibia  of  the  fourth,  3.0;  metartarsus  and 
tarsus  of  the  fourth,  3.3. 

Lateral  separated  from  middle  eyes  by  i  their  own  diameter;  four  anterior 
eyes  looking  downward.  Clypeus  ^  as  high  as  middle  eyes.  Maxillai 
enlarged  and  blunt  at  extremity  with  a  projection  at  the  outer  corner, 
and  parallel.  Labium  i  as  long  as  maxilUe,  a  little  longer  than  wide, 
blimt  and  slightly  contracted  at  tip.  Sternum,  widest  in  middle,  i 
longer  than  wide.  Anterior  coxae  separated  by  scarcely  the  width 
of  the  labium. 

Coloration:  Cephalothorax,  abdomen,  and  venter  entirely  covered  with 
brilliant  red  hairs;  there  are  four  indented  dots  on  the  anterior  part 
of  the  abdomen,  and  sometimes  two  longritudinal  black  bands  each 
with  two  red  dots,  extending  from  the  middle  of  the  dorsum  to  the 
spinnerets,  and  converging  a  little  beliind. 

Habitat:  Southern  United  States. 

PHIDIPPUS  MINIATUS    Peckham. 

Plate  I,  figures  0,  6a. 

Syn.:  1883.    Attus  minialus  P.,  Descr.  new  or  little  known  Attida?  of  U.  S., 

p.  15. 
$  .     Total  length  13  mm.     Width  of  abdomen  5  mm. 
Cephalothorax:  length  5.9:  width  5:  heiglith  3.8. 
Legs  1^.5,  10.7,  10.7,  13.7:  patella  and  tibia  of  the  first,  5.5;  patella  and  tibia 

of  the  third.  3.8;  patella  and  tibia  of  the  fourth,  5.1;  metatarsus  and 

tarsus  of  the  fourth,  4. 
Large  ?  .     Total  length  18  mm. 
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Anterior  row  of  eyes  very  little  curved;  lateral  J  as  large  as  middle  eyes 
separated  from  them  by  f  their  own  diameter;  dorsal  a  little  smaller 
than  lateral  eyes,  a  little  further  from  each  other  than  from  lateral 
borders.  Clypeus  about  ^  as  high  as  middle  eyes.  MaxillsB  enlarged 
and  rounded  at  extremity,  diverging.  Labium  a  little  more  than  ^ 
as  long  as  maxillte,  contracted  and  truncated  at  tip.  Sternum  not 
so  wide  as  anterior 'coxae.  Anterior  coxae  separated  by  width  of  lab- 
ium.   Relative  length  of  legs  4, 1,  2,  3;  no  patellary  spines. 

Coloration:  The  cephaJothorax  has  the  eye-region  covered  with  short, 
bright  red  hairs,  intermixed  with  long  black  hairs,  the  latter  forming 
smaU  tufts  between  the  small  median  and  dorsal  eyes;  the  thoracic 
part  and  sides  are  covered  with  coarse  yellowish  white  hairs;  the 
narrow  lower  margin  is  black.  The  abdomen  has  a  wide  band  of 
gray  hairs  around  the  base,  and  is  otherwise  covered  with  short  bright 
red,  and  long  whitish  hairs;  at  about  the  middle  of  the  dorsum  is  a 
large  somewhat  triangular  spot,  and  behind  this  are  two  others,  not 
so  large  and  transversely  elongated,  all  of  the  same  bright  red  color, 
and  encircled  by  black  rings;  the  sides  are  covered  with  long  gray 
hairs.  In  specimens  which  are  kept  in  alcohol  the  color  becomes  fad- 
ed, the  red  changing  to  whitish  yellow.  The  clypeus  and  palpi  are 
covered  with  long  white  hairs;  the  legs  are  blackish,  excepting  the 
metatarsi,  which  are  reddish  brown;  they  are  covered  with  gray 
hairs;  under  the  femur  is  a  stout  fringe  of  hairs  which  extends  less 
heavily  pn  to  the  patella  and  tibia;  the  falces  are  dark,  but  very 
iridescent;  the  mouth-parts,  sternum,  and  coxae  are  dark  brown  or 
black;  the  venter  has  a  wide  central,  longitudinal  band  black,  limited 
by  the  gray  hairs  which  come  low  on  the  sides;  just  at  the  apex,  be- 
tween the  black  band  and  the  black  spinnerets,  is  a  narrow,  trans- 
verse band  of  gray  hairs. 

Habitat:    Florida.    Texas. 


PHIDIPPUS  OBSCURUS  Nov.  Sp. 


Plate  I,  figure  5.    Plate  II,  figure  5. 


(?)  Total  length  13  mm.    Width  of  abdomen  5.4  mm. 

Cephalothorax:  length  4.8;  width  4.1;  height  2.4. 

Legs  9.3,  7.5,  7.7,  10;  patella  and  tibia  of  the  first  4;  patella  and  tibia  of 
the  third  2.8;  patella  and  tibia  of  the  fourth  3.9;  metatarsus  and 
tarsus  of  the  fourth  3.4. 

Lateral  eyes  ^  as  large  as  middle  eyes,  and  separated  from  them  by  f  their 
own  diameter.  Clypeus  i  as  high  as  middle  eyes.  Maxillae  wide  at 
extremity  with  projection  at  outer  corner.  Labium  i  as  long  as 
maxillae,  contracted  and  rounded  at  tip.  Falces  rather  narrower 
than  is  usual  in  this  genus,  extending,  in  width  only  to  the  inner 


^ 
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edges  of  the  lateral  eyes.  Sternum  [oval,  convex.  Anterior  coxae 
separated  by  scarcely  the  width  of  the  labium.  Patellary  spines  on 
the  second,  third  and  fourth  legs. 

Coloration:  Cephalothorax  black,  covered  on  the  sides  and  above  anterior 
row  of  eyes  with  white  hairs,  and  having  a  transverse  band  of  yellow 
hairs  extending  between  the  dorsal  eyes.  Abdomen  with  a  dark  brown 
band  extending  around  the  lower  base  and  sides  to  apex;  above  this, 
at  the  base  is  a  shorter  curved  pale  band;  central  region  of  dorsum 
dark  brown,  changing  toward  the  anterior  portion  to  black,  and 
marked,  in  this  region  with  a  pair  of  elongated  white  sx)ots;  behind 
these  is  a  large  white  spot;  behind  this  and  near  the  apex  is  a  pair 
of  pale  curved  bands  which  take  the  form  of  a  parenthesis,  nearly 
meeting  in  the  middle  line.  The  dark  central  region  of  the  dorsum 
surrounded  excepting  beliind,  by  a  pale  region  mottled  with  brown; 
opposite  the  large  white  spot  on  each  side,  is  an  oblique  white  band 
which  extends  do^mward  through  the  encircling  dark  band.  Legs 
and  palpi  brown,  covered  (especially  the  palpi)  with  white  hairs. 
Venter  pale,  sternum,  coxae  and  mouth|)arts  brown,  all  clothed 
with  white  hairs.    Falces  iridescent  green. 

The  curved  white  bands  on  the  ixjsterior  part  of  the  dorsum  sometimes 
meet  anteriorly,  extending  a  little  forward  to  form  a  chevron. 

Habitat:    Texas. 

PHIDIPPUS  McCOOKII    Peckham. 

Plate  II,  figure  9. 

Sipi, :  1883.    Attus  McCookii  P. ,  Descr.  new  or  little  known  Attidse  of  U.  S. , 

p.  16. 
J  .     Total  length  14.4  ram.     Width  of  abdomen  6  mm. 

Cephalothorax:  length  4.9;  width  4.2;  height  2.5. 

Legs  10.7,  8,  8.2,  11;  patella  and  tibia  of  the  fir8t^4;  patella  and  tibia  of  the 
third  2.7;  patella  and  tibia  of  the  fourth  4.3;  metatarsus  and  tarsus  of 
the  fourth  3. 

Lateral  eyes  of  the  first  row  one-half  as  large  as  middle  eyes,  and  separated 
from  them  by  more  than  one-half  their  own  diameter.  Dorsal  eyes, 
a  little  further  from  each  other  than  from  the  lateral  borders.  Cly- 
peus  one-third  as  Tiide  as  middle  eyes.  MaxiUas  parallel,  enlarged 
and  rounded  at  extremity.  Labium  nearly  two-thirds  as  long  as 
maxillsa,  widest  in  middle,  rather  pointed.  Stermma  convex,  about 
twice  as  long  as  wide.  Anterior  coxff5  separated  by  a  little  less  than 
the  width  of  the  labium.     Relative  length  of  legs  4,  1,  2,  3. 

Coloration:  Cephalothorax  dark  nifus  covered  with  tawny  hair.  Abdo- 
men golden  yellow  \\itli  short  hairs  of  the  same  color;  there  are  four 

Indented  dots  near  the  base,  and  posterior  to  these  two  indistinct  dark 
B 
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bands  extend  to  the  apex;  the  sides  are  creased  (the  abdomen  is  dis- 
tended with  eggs  in  the  only  specimen  which  we  liave  of  this  species). 
Clypeus  and  palpus  dark  rufus  with  long  white  hairs.  Falces,  mouth- 
parts,  sternum  and  legs  dark  rufus,  the  inner  edges  of  maxillae  and 
tip  of  labiimi  being  pale,  and  the  legs  having  blackish  bars.  Venter 
golden  yellow  with  three  iridescent  dark  bands. 
Habitat:    Pennsylvania. 


PHIDIPPUS  ARIZONENSIS  Peckham. 

Plat©  I,  figure  10.    Plate  II,  figure  10. 

Sffn.:  1883.    Attus  amoiiew^i«  P. ,  Descr.  new  or  little  known  AttidaB  of 

U.  S.,  p.  13. 

S ,    Total  length  11  mm.    Width  of  abdomen  3  mm. 

Cephalothorax:  length  4.9;  width  4.2;  height  2. 

Legs  11.4,  9.9,  9.9,  10.3;  patella  and  tibia  of  the  first  4.9;  patella  and  tibia 
of  the  third  3.6;  patella  and  tibia  of  the  fourth  4.1;  metarsus  and  tar- 
sus of  the  fourth  3. 

Cephalic  part  with  sides  very  widely  rounded. 

Ocular  area  about  one-half  wider  than  long,  this  being  relatively  wider  than 
is  usual  in  Phidippus,  Anterior  lateral  one-half  as  wide  as  middle 
eyes,  and  separated  from  them  by  their  own  diameter.  Clypeus  two- 
thirds  as  high  as  middle  eyes.  Dorsal  eyes  nearly  twice  as  far  from 
each  other  as  from  lateral  borders.  Maxillae  parallel,  enlarged  at 
extremity,  ^4th  the  outer  corner  sharp;  labium  one-half  as  long  as 
maxillae,  rounded.  Sternum  as  wide  as  imtermediate  coxae.  Ante- 
rior COX89  much  stouter  and  longer  than  the  others,  and  separated 
by  the  width  of  the  labium.  There  are  sometimes  patellary  spines 
on  the  four  jjairs.  Abdomen  long  and  slender,  with  its  posterior  face 
truncated;  spinnerets  turned  dowTiward. 

Coloration:  Cephalothorax  velvety  black,  with  two  wide,  white,  lateral 
bands  beginning  just  before  and  below  the  dorsal  eyes  and  almost 
meeting  in  the  middle  of  the  thorax  behind  the  depression.  Tliere  is 
a  band  of  grayish  brown  hairs  above  the  anterior  eyes,  and  a  tuft  of 
black  hairs  near  each  small  median  eye.  AMomen  light  brown;  be- 
hind the  middle  is  a  median,  longitudinal  velvety  black  band,  the 
truncated  face,  and  the  spinnerets  being  also  black;  in  the  middle  of 
the  dorsum  is  a  pair  of  indented  dots,  and  a  second  pair, 
just  in  front  of  these,  is  very  indistinct;  at  the  apex  are  two 
white  spots  one  on  eacli  side  of  the  black  band;  oi  each  upper  side  of 
the  abdomen  is  a  black  line  extending  to  the  ajMix;  the  under  sides 
liave  wide  white  bands,  formed  of  hairs  directed  downwards,  which 
extend  l)eneath  on  to  the  venter.  The  venter  is  velvety  black,  dark- 
*?st  behind,  the  white  Imnds  marking  it  ofiF  into  a  long  triangle.     Cly- 
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peus  covered  with  white  hairs;  sternum,  coxae  and  mouthparts  black; 
falces  black  with  some  wliite  hairs  on  the  anterior  surface;  palpi  and 
legs  yellowish,  excepting  the  femur  I  which  is  black  above  and  pale 
beneath;  third  and  fourth  pairs  darker  than  first  and  second,  and 
showing  some  reddish  rings  on  patella  and  tibia.    All  the  legs  have, 
on  the  under  side,  long,  fine,  yellow  hair,  which  is  strikingly  long  and 
thick  on  the  first  pair. 
The  abundance  of  fine  yellowish  hairs  on  the  undersides  of  the  first  pair 
of  legs,  together  with  the  great  distance  between  the  anterior  lateral  and 
large  middle  eyes  distinguishes  it  from  all  other  species  of  this  genus. 
Habitat:    Arizona.  Texas,  California. 

PHIDIPPUS  ALBOMACULATUS  Keys. 
(Plate  I,  flsrure  18.    Plate  II,  fl|?ure  13.) 

Syn:  1885.    Phidippus  alboniacuJatua  Keyserling,  Neue  Spinnen  aus  Ameri- 

ka,  vi,  Verhandlungen  Zoologisch-botanischen  ge- 
sellschaft,  p.  5  (491). 

9  .    Total  length  13.4  mm.    Width  of  abdomen  5.3  mm. 

Gephalothorax:  length  6;  width  4.3;  height  3.2. 

Legs  13.5,  10.7,  10.6,  14;  jmtella  and  tibia  of  the  first,  5.6;  patella  and  tibia 
of  the  third,  4;  patella  and  tibia  of  the  fourth,  5.3;  metatarsus  and 
tarsus  of  the  fourth,  4.5. 

Anterior  lateral  eyes  scarcely  one-half  as  large  as  middle  eyes,  and  separ- 
ated from  them  by  two-thirds  of  their  own  diameter;  dorsal  eyes 
equally  distant  from  each  other  and  tlie  lateral  borders.  Clypeus  one- 
third  as  high  as  middle  eyes.  Maxillse  parallel,  enlarged  and  rounded 
at  extremity;  labium  a  little  more  than  one-half  as  long  as  maxillae, 
oval,  or  a  little  contracted  at  tip.  Sternum  long,  narrow,  pointed  in 
front,  very  convex.  Anterior  coxa3  separated  by  less  than  the  width 
of  the  labium.    Relative  length  of  legs,  4,  1,  3,  2;  no  patellary  spines. 

Coloration:  Ceplialathorax  dark  brown,  entirely  covered  with  short  white 
hairs,  and  having  some  long,  black  and  white  hairs  on  tl\e  eye-region. 
Abdomen  with"a  large,  dark  central  region,  in  which  is  a  median, 
forked,  wliite  band,  and  two  jmirs  of  white  dots,  while  the  sides 
have  a  mottled  appearance,  being  covered  with  mixed  white  and 
brown  hairs;  usually  there  may  be  distinguished  two  or  three  oblique 
white  bands  extending  downward  over  the  sides.  The  pattern  on  the 
dorsum  is  frequently  indistinct  owing  to  the  rubbing  off  of  liairs;  fre- 
quently all  that  appears  Ls  two  dark  longitudinal  bands,  on  each  of 
which  are  three  or  four  white  dots.  Clypeus  with  a  thick  fringe  of 
white  hairs;  falces  most  brilliantly  iridescent;  mouth-i>arts  blackish; 
sternum,  coxa?,  and  venter  bro^Ti,  covered  with  short,  white  hairs; 
l)alpi  and  legs  yellowish  brown,  all  covered  with  thick,  long,  white 
hair. 

Habitat:    United  States. 
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PHIDIPPUS  OPIFEX    McCooK. 

Plat*  11,  figure  11. 

Syn.:  1873.    Attus  opifeoc  McCook,  Proc.  Acad.  Nat.  Sci.  of  Philadelphia, 

p.  276. 

?  .     Total  length,  15  mm.     Width  of  abdomen,  7  mm. 

Cephalothorax:  length,  6.3;  width,  4.9;  height,  3.5. 

Legs  13.3,  11.1,  10.4,  14.2;  patella  and  tibia  of  the  first,  5.2;  patella  and 
tibia  of  the  third,  3.8;  patella  and  tibia,  fourth,  5.2;  metatarsus  and 
tarsus  of  the  fourth,  4.7. 

Quadrangle  of  eyes  two-thirds  wider  than  long.  Lateral  anterior  eyes  more 
than  one-half  as  large  as  middle  eyes,  separated  from  them  by  two- 
thirds  their  own  diameter.  Middle  eyes  plainly  separated.  Clypeus 
one-half  as  high  as  middle  eyes.  Falces  wider  than  the  two  middle 
eyes,  three  times  as  long  as  face,  inclined  forward,  divergent.  IVIax- 
illcB  parallel,  enlarged  and  blunt  at  extremity,  slanting  within 
toward  labium.  Labium  one-half  as  long  as  maxillae.  Sternum 
projecting  but  little  between  anterior  coxae.  Anterior  coxas  sepa- 
rated by  width  of  labium. 

Coloration:  Ceplialothorax  dark  reddish,  covered  with  white  hair,  and 
having  a  black  marginal  line.  Clypeus  and  face  covered  with  long 
white  hairs.  Abdomen  black,  covered  with  gray  liair,  with  four 
white  dots  on  the  anterior  part  of  the  dorsimi.  Falces  black  with 
white  hairs  at  base.  Mouth-parts  brown.  Stermum,  coxob  and  ven- 
ter covered  with  white  hairs.  Palpi  light  reddish  brown,  with  long 
white  hairs.  Legs  banded  w^ith  black  and  dark  reddish  brown,  with 
some  white  hairs,  especially  below.  The  hairs  on  cephalothorax,  ab- 
domen and  venter  are  scale-like. 

Habitat:    California. 

PHIDIPPUS  JOHNSONII    Peckham. 

Plate  I,  figure  14.    Plate  II,  figures  14, 14a. 

Syn.:   Attvq  Johnsonii  P.,  Descr.  new  or  little  known  Attidaa  of  U.  S., 

p.  22. 

$  .    Total  length  10  nmi.    Width  of  abdomen  3.2  mm. 

Cephalothorax:  length  5.1;  width  3.3;  height  2.1. 

Legs  10.9,  8.6,  8.9,  10.9;  patella  and  tibia  of  the  first,  4.8;  patella  and  tibia 
of  the  third,  3.2;  patella  and  tibia  of  the  fourth,  4;  metatarsus  and 
tarsus  of  the  fourth,  3.3. 

Lateral  eyes  of  first  row  one-half  as  large  as  middle  eyes,  and  separated  from 
them  by  half  their  own  diameter.  Clypeus  half  as  high  as  middle 
eyes.  Maxillae  parallel,  with  sharp  outer  comers,  and  slanting  within 
toward  the  labium.   Labium  a  little  longer  than  wide,  more  than  one- 
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half  as  long  as  maxillae,  contracted  and  rounded  at  tip.  Sternum 
oval,  half  longer  than  wide.  Anterior  coxae  separated  by  width  of 
labium.    No  patellary  spines. 

9  .    Total  length  12.2  mm.    Width  of  abdomen  3.9  mm. 
Cephalothorax:  length  4.3;  width  2.8;  height  2.1. 

L^s  10.4,  8.4, 8.4,  11.1;  patella  and  tibia  of  the  first,  4.3;  patella  and  tibia  of 
the  third,  3.6;  patella  and  tibia  of  the  fourth,  4.5;  metatarsus  and 
tarsus  of  the  fourth,  3.5. 
Clypeus  one-third  as  high  as  middle  eyes.    Maxilla)  rounded.    Stemiuu 
relatively  wider  than  in  6  .    Anterior  coxae  separated  by  less  than 
the  width  of  the  labium. 
Coloration:    ^  .    Cephalothorax  jet  black,  sometimes  with  a  few  short 
bright  red  hairs  (perhaps,  in  a  fresh  state,  entirely  covered  with 
these).     Abdomen  bright   vermillion  red,   sometimes  with  a  white 
band  at  base;   clypeus  dark  witli  a  fringe  of  wliite  hairs;  palpus 
black;  falces  dark  but  iridescent;  maxillae  and  labium  brown;  ster- 
num black  with  white  hairs;  venter  dark  brown  with  white  hairs; 
legs  dark  rufus  barred  with  black.     ? .     Abdomen  with  a  white 
band  at  base,  and  a  wide  central  longitudinal  black  band,  upon 
which  are  three  pairs  of  white  dots. 
This  species  is  nearest  cardinalis ;  it  is,  however,  not  so  high;  its  color  is 
crimson  rather  than  scarlet;  and  on  the  anterior  inner  edge  of  the  falx  is  a 
sharp,  rather  long  point,  which  in  cardinalia  is  but  little  developed.    The 
cephalothorax  in  cardinaliH  is  covered  with  scarlet  hairs,  in  johnsonii  it  is 
jet  black.    The  latter  also  has  on  the  palpi  of  the  first  pair  of  legs  many 
white,  rice-like  scales  or  hairs. 
Habitat :    Washington  Territory. 

PHIDIPPUS  OCTO-PUNCTATUS    Peckham. 

Plate  II,  figure  15, 

S]/n.:  1883.     P.  octo-punctatus  Peckham,  Descr.  new  or  little  known  At- 
tidas  of  U.  S.,  p.  6. 

S  .    Total  length  8  mm.     Width  of  abdomen  2.8  mm. 

Cephalothorax:  length  3.1;  width  3;  height  2.3. 

Legs  8.4,  5.6,  5.9,7.9;  patellaandtibiaof  the  first.  3.2;  patella  and  tibia  of  the 

third,  2;  patella  and  tibia  of  the  fourth,  2.9;  metatarsus  and  tarsus 

of  the  fourth,  2.8. 
Lateral  anterior  a  little  more  tlian  I  as  large  as  middle  eyes,  separated  from 

them  by  ^  their  own  diameter.     Clypeus  f  as  high  as  middle  eyes. 

Falces  wider  than  first  row  of  eyes,  three  times  as  long  as  face. 

Maxillae  short,  truncated,  with  projection  at  outer  comer,  inclined 

toward  labium.     Labium  |  as  long  as  maxilla?,  ^  longer  than  wide, 

contracted  and  blunt  at  tip.     Anterior  coxie  separated  by  more  than 

width  of  labium. 
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Coloration:  Cephalothorax  above,  black  covered  with  short  white  hairs, 
sides  dark  brown  with  some  irregular  whitish  spots  and  sparse  yel- 
lowish hairs,  the  lower  margin  being  slightly  darker;  there  are  some 
long  yellow  hairs  on  the  eye-region.  Clypeus  dark  brown  mottled  with 
white,  with  a  few  yellowish  hairs.  Abdomen  black  covered  with 
short  white  hairs  and  longer  yellowish  hairs:  near  the  base  is  a  short 
curved  white  line,  posterior  to  which  are  two  longitudinal  rows  of 
white  spots,  four  spots  in  each  row;  these  are  divided  into  two  an- 
terior  and  two  posterior  pairs,  the  four  posterior  spots  being  ob- 
liquely elongated;  on  the  posterior  sides  are  two  or  three  short 
oblique  white  lines.  Falces,  mouth-parts,  sternum,  coxae  and  legs 
dark  brown.    Venter  black  with  short  yellowish  hairs. 

Habitat:  Missouri. 


PHIDIPPUS  RAUTERBERGII    Nov.  Sp. 

Plate  I,  figure  8.    Plate  II,  figure  8. 

9  ,    Total  length  16  mm.    Width  of  abdomen  7.3  mm. 

Cephalothorax:    length  6.2;  width  5.8;  height  3.8. 

Legs  15.3,  11.3,  11.3,  15.2;  patella  and  tibia  of  the  first,6.4;  patella  and  tibia 
of  the  third,  4.4:  patella  and  tibia  of  the  fourth,  6;  metatarsus  and 
tarsus  of  the  fourth,  5.1. 

Cephalothorax  nearly  plane;  ocular  area  much  wider  behind;  anterior 
lateral  one-lialf  as  large  as  middle  eyes,  and  separated  from  them  by 
a  little  more  than  one-half  their  own  diameter;  eves  of  second  row 
more  than  twice  aa  far  from  dorsal  as  from  lateral  eyes;  third  row 
of  eyes  considerably  narrower  than  the  cephalothorax  at  that  place; 
clypeus  one-third  as  high  as  the  middle  eyes.  Maxillae  wide,  parallel, 
rounded.  Labiimi  one-half  as  long  as  maxilla?,  but  little  longer  than 
wide,  blunt  at  tip.  Sternum  oval,  convex  in  front,  less  than  twice 
as  long  as  wide,  projecting  but  little  between  the  anterior  coxae, 
which  are  separated  by  less  than  the  ^^-idth  of  the  labium.    Relative 


length  of  legs  4,  1,  2,  3;  no  patellary  spine?. 
Coloration:  Cephalothorax  dark  reddish  broi^Ti,  almost  black  in  the  eye- 
region,  with  some  short  white  hairs  on  the  sides  and  between  the 
dorsal  eyes.  Abdomen  mottled  with  brown  and  white,  with  two 
black  spots  on  the  anterior  portion,  and  one  large  irregular  black  spot 
in  the  middle  from  wliich  two  black  bands  extend  to  the  apex;  in  the 
middle  of  the  black  spot  is  a  large  white  spot,  and  on  the  black  bands, 
is  a  pair  of  smaller  white  spots;  there  are  sometimes  two  white  dots 
nearer  the  apex,  and  a  white  spot  on  the  inner  side  of  each  of  the 
black  spots  on  the  anterior  part  of  the  dorsmu,  while  the  si)ace  be- 
tween the  black  bands  is  occupied  by  a  series  of  white  and  brown 
chevrons.    Clypeus  brown;   palpus  brown  with  three  white  rings; 
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falces  iridescent;  mouth-parts,  sternum,  and  coxsb  reddish  brown; 
venter  with  two  white  longitudinal  bands  enclosing  a  darker  central 
region;  legs  black, ;barred  with  dark  red,  with  short  white  hairs,  and 
a  heavy  fringe  of  black  hairs  on  the  underside  of  the  tibia  of  the  first. 
Habitat:  Texas. 


PHIDIPPUS  MEXICANUS     Nov.  Sp. 

Plate  n,  figure  7. 

6 .    Total  length  11.4  mm.    Width  of  abdomen  5  mm. 

Cephalothorax:  length  6.5;  width  5;  height  3.6. 

Legs  16.3, 12.7,  11.2,  14.5;  patella  and  tibia  of  the  first,  6.7;  patella  and 
tibia  of  the  third,  4;  patella  and  tibia  of  the  fourth,  5.8;  metatarsus 
and  tarsus  of  the  fourth,  4.8. 

Cephalothorax  widely  rounded.  First  row  of  eyes  much  curved;  lateral 
separated  from  middle  eyes  by  one-half  their  own  diameter.  Clypeus 
one-fourth  as  high  as  large  middle  eyes.  Falces  wider  than  first  row 
of  eyes,  more  tlian  twice  as  long  as  face.  Maxillas  long,  widened 
and  truncated  at  extremity,  with  projection  at  outer  comer,  cut  ob- 
liquely on  inner  side,  and  excavated  for  labium.  Labiimi  less  than 
half  as  long  as  maxillsB,  contracted  and  blunt  at  tip.  Stemiuu  one- 
half  longer  than  wide.  Anterior  coxae  separated  by  a  little  less  than 
width  of  labiimi. 

Coloration :  Cephalothorax  probably  covered  with  snowy  white  liairs,  ex- 
cepting a  dark  brown  band  around  the  margin;  in  our  specimen  these 
hairs  are  largely  rubbed  off.  Clypeus  with  wliite  hairs.  Abdomen 
black  with  a  liairy  white  band  at  base,  a  large  central  white  spot 
behind  middle,  and  posterior  to  this  an  interrupted,  curved,  white 
band.  Falces  brilliant  iridescent  green.  Palpi  covered  with  white 
hairs.  Legs  very  hairy;  femoral  and  tibial  joints  with  black,  other 
joints  with  white  hairs.  Other  parts  all  black. 
From  the  collection  of  Count  Keyserling. 

Habitat :    Mexico. 


PHIDIPPUS  INSOLENS    Hentz. 
Plate  I,  figure  12.    Plate  II,  figures  12, 12a. 

Syn,:  1844.    Attus  insolens  Hentz,  Journal  Bost.  Soc.  Nat.  Hist.,  Vol.  IV. 

1845.        **       podogrosus  id.,  ibid..  Vol.  V. 

1875.        **        insolens  id.,  Coll.  Arach.    Writ,  by  N.  M.  Hentz.    Ed. 

by  Burgess,  Boston,  p.  51. 

1875.        "       ^ocfogrrosMS  id.,  ibid.,  p.  61. 

1877.  PHIDIPPUS  coloradensis  Thorell,  Descr.  Arane«  coll.  in  Color- 
ado, p.  523. 
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6  .    Total  length  9.5  mm.    Width  of  abdomen  8  mm. 

Cephalothorax:  length  5;  width  4;  height  2.4. 

Legs  14,  9,  8,  10.2;  patella  and  tibia  of  the  first,  6.3;  patella  and  tibia  of  the 
third,  2.8;  patella  and  tibia  of  the  fourtli,  3.2;  metatarsus  and  tarsus 
of  the  fourth,  3. 

Small  $  .    Total  length  6.8  mm. 

?  .    Total  length  12mm.    Width  of  abdomen  4.5. 

Cephalothorax:  length  4.8;  width  4;  height  2.5. 

Legs  9.2,  7.8,  8,  10;  patella  and  tibia  of  the  first,  4.2;  imtella  and  tibia  of 
the  third,  3;  patella  and  tibia  of  the  fourth,  4;  metatarsus  and  tarsus 
of  the  fourth,  3.3. 

Anterior  lateral  separated  from  middle  eyes  by  one-lialf  their  outi  diame- 
ter. Middle  nearly  twice  as  large  as  lateral  eyes,  and  a  little  sep- 
arated. Clypeus  one-third  as  high  as  middle  eyes.  Maxillae  long 
inner  margin  oblique,  6  with  marked  apophysis  on  outer  comer,  ? 
enlarged  and  blunt  at  extremity.  Sternum  nearly  twice  as  long  as 
wide.    Anterior  coxae  separated  by  less  than  the  width  of  the  labium. 

Coloration:  Cephalothorax  covered  with  bright  red  hairs  excepting  the 
lower  margin  which  has  a  wliite  line  above  a  black  line;  the  ?  has  a 
tuft  of  black  hairs  on  the  outer  side  of  each  lateral  eye.  Clypeus 
with  some  long  white  hairs.  Abdomen  with  a  silvery  white  band  at 
base  beliind  which  is  a  deep  black  band;  the  dorsum  is  of  a  bright 
red  color,  which  is  interrupted  in  the  posterior  two-thirds  by  a  cen- 
tral, longitudinal,  angular,  black  band  which  is  contracted  behind, 
upon  which,  in  the  ixjsterior  part,  are  two  pairs  of  white  dots;  the 
sides  are  black  with  two  curved  white  bands.  Palpi  6  black,  con- 
spicuously marked  by  a  silvery  white  lino  along  the  upjier  surface. 
$  reddish  with  long  white  hairs.  Falces  brilliant  iridescent  green, 
those  of  the  S  with  a  slight  brownish  tinge;  fang  black.  Mouth- 
parts  dark  brown.  Sternum  and  coxaj  black  with  wliite  hairs.  Ven- 
ter deep  black  with  white  hairs  on  the  sides,  and,  in  the  center,  a  ^vide 
somewhat  triangular  band  (narrowing  behind),  of  a  clear  silvery  white 
color.  Legs  banded  with  black  and  rufus.  In  the  6  the  first  leg  has 
fringes  of  black  hairs;  in  the  9  the  same  leg  is  covered  with  long 
white  hairs. 
The  hairs  in  this  species  seem  to  rub  off  even  more  easily  than  is  usual  with 

the  Attidse.    When  they  are  gone  the  spider  appears  as  in  Hentz's  drawing. 
Li  general  appearance  insdlens  is  much  like  PhiJceus  rimator,  but  may  be 

distinguished  by  the  difference  in  the  shape  of  the  ceplialothorax,  and  tlie 

position  of  the  eyes. 

Habitat:    Georgia,  Florida,  Colorado. 
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PHIDIPPUS  OTIOSUS    Hentz. 

Plate  I,  figure  15.    Plate  II,  figure  15  a. 

Syn.:  1845.  Attus  otiosiia  Hentz,  Journal  Boston  Soc.  Nat.  Hist..  Vol  V. 
1875.    ATTUSofio«i«i(l.,  Coll.  Arachn.  Writ,  by  N.  M.  Hentz.     Ed. 

by  Burgess,  Boston,  p.  59. 

J  .       Total  length  11.5  mm.    Width  of  abdomen  4  mm. 

Oephalothorax:  length  5;  width  4;  height  2.5. 

Legs  9.6,  7.5,  8,  10;  patella  and  tibia  of  the  first  4;  patella  and  tibia  of  the 
third,  3.4;  patella  and  tibia  of  the  fourth  4;  metartarsus  and  tarsus  of 
the  fourth,  8.8. 

Lateral  eyes  of  first  row  one-half  as  large  as  middle  eyes  and  separated 
from  them  by  one-third  their  own  diameter.  Clypeus  one-lialf  as 
lugh  as  middle  eyes.  Maxillae  enlargeil  and  rounded  at  extremity. 
Labium  two-thirds  as  long  as  maxilhe.  Faloes  nearly  as  wide  as 
first  row  of  eyes,  as  long  as  face,  vertical,  diverging.  Sternum,  very 
deepset,  oval,  projecting  between  the  anterior  coxa?  which  are 
separated  by  the  width  of  the  labium. 

Coloration:  A  wide  band  of  white  hairs  extends  across  the  clypeus  and 
on  to  the  sides,  under  the  eyes,  nearly  encircling  the  cephalothorax; 
above  is  a  black  band  which  occupies  the  ceplialic  part,  but  grows 
narrower  on  the  thoracic,  where  the  white  band  curves  upward.  On 
each  side  of  the  cephalothorax  are  two  tufts  of  black  hairs,  one  be- 
tween the  eye  of  the  second  row  and^the  dorsal  eye,  and  one  just  be- 
hind and  below  the  anterior  lateral  eve.  Abdomen  black  with  a 
band  of  long  white  hairs  at  base,  and  several  lines  of  white  hairs  on 
each  side;  on  the  anterior  part  of  the  dorsum  are  two  white  dots;  on 
he  middle  part  and  nearer  together,  are  two  larger  white  spots;  near 
the  apex  are  two  large  cur\'ed  spots  of  a  light  yellowish  red  color: 
these  with  the  white  spots,  and  the  lines  on  the  sides  mark  off  a  some- 
what irregular  black  figure  on  the  posterior  part  of  the  dorsum. 
Falces  darkly  iridiscent  with  a  fringe  of  white  hairs  at  their  inser- 
tion. Palpi  and  legs  black  with  long  white  hairs.  Mouth-parts, 
sternum,  coxae  and  venter  black,  the  venter  nearly  encircled  by 
white  hairs  which  form  wide  white  bands  on  the  sides,  and  with 
two  white  spots  in  the  middle . 

This  is  a  very  hairy  8i>ecie8,  in  this  resi^ect,  and  in  its  general  color- 
ing, resembling  P.  yalathea. 

Habitat:    Georgia,  Alabama. 

PHIL^US     (TlIORELL). 

Ceplialothorax  high  and  convex,  contracted  in  front  and  behind,  sides 
rounded,  cephalic  part  inclined  forward,  thoracic  jmrt  slanting,  at 
first  gradually,  and  then  more  steeply  from  dorsal  eyes.     Ocular  area 
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at  least  one-third  wider  than  long,  wider  behind  than  in  front;  ante- 
rior row  of  eyes  more  or  less  curved,  the  middle  slightly  separated,  the 
lateral  at  least  one-half  as  large,  separated  from  the  middle  by  from 
one-third  to  two-thirds  their  own  diameter;  eyes  of  second  row  very 
shghtly  nearer  the  lateral  than  the  dorsal  eyes;  dorsal  as  large  or 
nearly  as  large  as  the  lateral  eyes,  at  least  as  far  from  each  other  as 
from  the  lateral  borders,  forming  a  row  narrower  than  the  cephalo- 
thorax  at  that  place.  Clypeus  not  more  than  half  as  high  as  middle 
eyes.  Labiimi  about  one-half  as  long  as  maxillaB,  usually  longer  than 
wide,  sometimes  as  \iade  as  long.  Anterior  coxsb  separated  by  width 
of  labium  or  by  a  little  less.  Legs  (^)  1,  2,  4,  3.  1,4,2,3.  1,4,3,2; 
(?)  1,  4,  2,  3.  1,  4,  3,  2.  4,  1,  3,  2;  first  pair  stoutest,  second  next. 
Femur  and  tibia  of  the  first  enlarged,  stouter  than  patella  and  much 
stouter  than  metatarsus  and  tarsus;  tibia  and  patella  of  the  third 
shorter  than  tibia  and  patella  of  the  fourth.  Femoral,  tibial  and 
metatarsal  spines  on  the  four  pairs;  metatarsi  of  the  fourth  usually 
spined  throughout  their  length. 
This  genus  differs  from  Phidippua  in  having  the  eyes  of  the  second  row 
nearly  half  way  between  the  lateral  and  dorsal  eyes;  the  width  of  the  ocu- 
lar area,  moreover,  is  frequently  greater  in  proportion  to  its  length. 

PHILiEUS  FARNEUS     Nov.  Sp. 

Plate  II,  figure  16. 

9  .    Total  length  9.2  mm.    Width  of  abdomen  3.2  mm. 

Cephalothorax:  length  4;  width  3.4;  height  2.1. 

Legs  8.4,  6.6,  7.2,  9.2;  patella  and  tibia  of  the  first,  3.6;  patella  and  tibia  of 
the  third,  2.8;  patella  and  tibia  of  the  fourth,  3.6;  metatarsus  and 
tarsus  of  the  fourth,  3.1. 

Cephalic  part  plane,  and  but  little  inclined:  thoracic  convex,  falling  ab- 
ruptly a  little  way  behind  dorsal  eyes.  Ocular  area  one-third 
wider  thanlong,  much  wider  behind  than  in  front.  Anterior  eyes  small, 
in  a  moderately  curved  row;  lateral  one-half  as  large  as  middle  eyes, 
separated  from  them  by  two-thirds  their  o\vn  diameter;  dorsal  a  ht- 
tle  smaller  than  lateral  eyes,  further  from  each  other  tlian  from  lat- 
eral borders.  Clypeus  one-third  as  high  as  middle  eyes,  vertical; 
falces  as  wide  as  first  row  of  eyes,  twice  as  long  as  face,  vertical, 
diverging.  MaxillsB  parallel,  enlarged  and  rounded  at  extremity. 
Labium  a  httle  more  than  one-half  as  long  as  maxillae,  about  twice  as 
long  as  wide,  contracted  and  blunt  at  tip.  Stemiuu  twice  as  long 
as  wide,  deepset,  a  httle  rounded  behind.  Anterior  coxsb  separated 
by  less  than  width  of  labium. 

Coloration :  Cephalothorax  black  with  long  stiff  black  hairs  on  the  eye- 
region,  which  form  one  or  two  small  tufts  on  each  side.  Clypeus 
covered  with  short  white  hairs.    Abdomen  black,  encircled  except  at 
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apex  by  a  scalloped  white  band;  on  the  middle  of  the  dorsum  is  a 
large  triangular  white  spot,  in  front  of,  and  behind  which  are  two 
white  dots;  near  the  apex,  extending  upward  from  the  encircling 
band,  are  two  short  oblique  white  bars.  Palpi  reddish  witli  long 
white  hairs.  Falces  iridescent  purple.  Mouth-parts,  stemimi  and 
coxse  dark  brown.  Venter  black  in  the  middle  with  a  whitish  longi- 
tudinal band  on  each  side.  Legs  dark  brown  w^ith  long  black  and 
gray  hairs. 
Habitat:    Texas. 


PHILiEUS  FARTlLIS    Nov.  Sp. 

Plate  II.  figure  17. 

9 .    Total  length  10  mm.    Width  of  abdomen  4  mm. 

Capbalothorax:  length  4.4;  width  8.8;  height  2.4. 

L^gs  9,  7.2,  7.3,  9.5;  patella  and  tibia  of  the  first,  4;  patella  and  tibia  of  the 
third,  2.8;  patella  and  tibia  of  the  fourth,  8.6;  metatarsus  and  tarsus 
of  the  fourth.  8.3. 

Ocular  area  one-third  wider  than  long;  anterior  eyes  small,in  a  slightly  curved 
row;  middle  eyes  more  than  twice  as  large  as  lateral  eyes,  separated 
from  them  by  one-half  the  diameter  of  the  lateral;  dorsal  as  large  as 
lateral  eyes,  further  from  each  other  than  from  lateral  borders.  Cly- 
peus  one-third  as  high  as  middle  eyes,  vertical.  Falces  as  wide  as 
first  row  of  eyes,  more  than  twice  as  long  as  face,  vertical,  slightly 
diverging.  Maxillse  divergent,  enlarged  and  rounded  at  extremity, 
excavated  on  inner  side  for  labium.  Labium  a  little  more  than  one- 
half  maxilhe,  one-lialf  l(xiger  than  wide,  a  little  contracted  and  trun- 
cated at  tip.  Stemimi  one-half  longer  than  wide,  rather  deep  set. 
Anterior  coxae  separated  by  less  than  width  of  labium.    Legs  1, 4, 


2,  3;  metatarsi  of  the  third  and  fourth  with  only  terminal  circles  of 
spines. 

Coloration:  Cephalothorax  and  clypeus  covered  with  long  white  hairs, 
the  former  with  a  black  marginal  line.  Abdomen  gray  except  the 
posterior  part  which  is  blackish;  the  base  and  anterior  sides  are  white; 
there  is  a  large  irregular  reddish  spot  on  each  side,  and  on  the  dorsum 
are  indistinctly  marked  three  pairs  of  white  spots.  Near  the  apex  on 
each  lower  side  is  a  wide  white  band,  and  on  the  upper  surface  is  a 
white  parenthesis,  the  black  region  enclosed  having  a  pair  of  white 
dots.  Falces  black,  the  upper  part  being  covered  with  long  white 
hairs.  Mouth  parts,  sternima  and  coxae,  black.  Venter  white  with  a 
wide,  central,  longitudinal  black  band.  Legs  and  palpi  dark  brown 
covered  with  long  white  hairs. 

Habitat:    Mexico. 
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PHIL^US  MEXICANUS    Nov.  Sp. 
Plate  I,  figure  18.    Plate  II,  figure  18. 

J  .    Total  length  10  mm.    Width  of  abdomen  3.1  mm. 

Oephalothorax:  length  4;  width  3.2;  height  2. 

Legs  8.8,  6.4,  6.4,  7.8;  patella  and  tibia  of  the  first,  3.4;  patella  and  tibia  of 
the  third.  2.8:  patella  and  tibia  of  the  fourth,  8.2;  metatarsus  and 
tarsus  of  the  fourth,  2.4. 

Ocular  area  occupying  nearly  two-fifths  of  ceplialothorax,  one-third  wider 
than  long;  anterior  row  of  eyes  very  little  curved;  lateral  one-half 
as  large  as  middle  eyes,  separated  from  them  by  one-half  their  own 
diameter;  middle  eyes  sub-touching;  dorsal  as  large  as  lateral  eyes, 
equally  distant  from  each  other  and  the  lateral  borders.  Clypeus  a 
little  inclined,  one-fifth  as  high  as  the  middle  eyes.  Falces  stout  and 
rather  long,  inclined  forward,  and  somewhat  diverging.  Maxillas 
parallel,  enlarged  and  rounded  at  extremity;  labium  two-thirds  as 
long  as  the  maxilla\  pointeil.  Sternum  convex,  nearly  as  wide  as 
long,  truncated  in  front.  Anterior  coxae  separated  by  scarcely  the 
width  of  the  labium,  much  the  stoutest  and  longest.  First  legs  much 
the  stoutest. 

Coloration:  Cephalothorax  dark  brown  in  the  thoracic  region,  and  black- 
ish on  the  cei)halic  plate;  the  lower  margin  has  a  fine  black  line  be- 
tween two  fine  white  lines;  there  is  a  wider  band  of  white  hairs 
which  passes  around  the  face  and  extends  on  the  sides,  below  the 
second  and  third  rows  of  eyes,  to  the  posterior  margin.  Dorsiuu  of 
the  abdomen  bronze  brown;  a  little  behind  the  middle  are  four  white 
dots,  two  on  each  side.  Around  the  base  is  a  wide  white  band;  on 
each  side,  opposite  the  dots,  is  a  large  white  spot;  on  each  side,  near 
.the  apex,  is  a  shoi-t,  wide,  ribbon-like  white  band,  extending  from 
below  on  to  the  dorsum,  and  bifurcating  at  the  end;  this  makes  a 
diamond-shaped  figure  of  the  bronze  color,  which  connects  a  smal^ 
bronze-colored  region  at  the  apex  with  the  larger  region  of  the  same 
color  on  the  anterior  part  of  the  dorsima.  First  and  second  pairs  of 
legs  darkest  in  color;  all  the  legs  brown,  banded  with  blackish;  tibia 
of  the  first  leg  black  with  a  fringe  of  black  liairs  below.  Clypeus 
covered  with  gray  hairs.  Falces  dark  brown.  Mouthparts,  coxae, 
sternum,  and  venter,  brown,  thinly  covered  with  gray  hairs. 

Habitat:    Mexico. 

PHIL^US  MILITARIS     Hentz. 

Plate  I,  figures  19,  19a.    Plate  II,  figures  19,  19a. 

Syn.:    1844.    Attus  militaris  H.,  Journal  Bost.  Soc.  Nat.  Hist.,  Vol.  IV. 
1846.    Eris  aurigera  ( ^ )  C.  K.,  Die  Arachn.,  XIII,  p.  189. 
?  1846.    Phidippus  aainarixis  id.,  ibid.,  XIII,  p.  139. 
1875.     Attts  militaris  H.,  Coll.  Arachn.   Writ,  by  N.  M.  Hentz,  ed. 

by  Burgess,  Boston,  j).  62. 
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$  .    Total  length  6  mm.     Width  of  abdomen  1.9  mm. 

Cephalothorax:  length  2.1;  width  1.9;  height  1.8. 

Legs  7.5,  3.8,  3.9,  4.6;  patella  and  tibia  of  the  first,  3.2;  patella  and  tibia  of 
the  third,  2.1;  patella  and  tibia  of  the  fourth,  2.1;  metatarsus  and 
tarsus  of  the  fourth,  2.1. 

Falces  1.6. 

Ocular  area  one-third  wider  ^than  long;  anterior  eyes  small,  lateral  more 
tdan  one-half  as  large  as  middle  eyes,  and  separated  from  them  by 
one-half  their  own  diameter;  dorsal  a  little  smaller  than  lateral 
eyes,  and  further  from  each  other  than  from  the  lateral  borders. 
Clyx)eus  one-fourth  as  high  as  middle  eyes.  Falces  nearly  as  wide 
as  the  first  row  of  eyes,  long,  inclined  forward,  and  diverging,  fang 
long.  MaxillsB  narrow  at  base,  wider  at  extremity,  long,  truncated, 
slanting  on  the  inner  edge,  and  excavated  for  labium;  labiiun  less 
than  one-half  as  long  as  maxillae,  longer  than  wide,  a  little  contracted 
and  rounded  at  the  extremity.  Sternum  nearly  twice  as  long  as 
wide,  truncated  in  front  and  rounded  behind.  Anterior  coxaa  sepa- 
rated by  scarcely  the  width  of  the  labium. 

?  .    Total  length  9.4  mm.    Width  of  abdomen  4.1  mm. 

Cephalothorax:    length  3.2;  width  2.4;  height  1.6. 

Legs  5.9, 4.7, 4.7,  5.7;  patella  and  tibia  of  the  first,  2.1 ;  patella  and  tibia  of  the 
third,  1.8;  patella  and  tibia  of  the  fourth,  1.9;  metatarsus  and  tarsus 
of  the  fourth,  1.9.  i 

Falces  parallel  and  vertical,  shorter  and  less  robust  than  in  ^  ;  fang  short. 
Maxillae  enlarged  and  rounded  at  extremity;  labiimi  more  than  one- 
half  as  long  as  maxillae,  twice  as  long  as  wide. 

Coloration:  S .  Cephalothorax  and  abdomen  bright  bronze  brown,  the 
former  with  a  wide  white  band  on  each  upper  side,  and  a  white  spot 
in  the  middle  of  the  eye  region,  the  latter  with  a  wide  white  band 
around  the  base  and  sides,  and  sometimes  two  rows  of  white  dots  on 
the  dorsum;  clypeus,  falces,  palpi,  raouthparts  and  sternum  dark 
brown;  venter  brown,  covered  with  short  white  hairs;  legs  brown, 
with  femur  of  the  first  very  dark,  and  proximal  parts  of  the  femora 
of  the  second,  third  and  fourth,  and  all  the  coxae,  light  yellowish. 
9  .  Cephalthorax  bronze,  nearly  covered  with  gray  hairs,  the  abdo- 
men with  a  whitish  band  down  the  middle,  and  four  pairs  of  more 
or  less  elongated  white  spots;  the  lower  sides  are  nearly  white;  cly- 
peus covered  with  long  white  hairs;  falces,  mouthparts  and  sternum 
broTiTi;  venter  brown  with  short  white  hairs  and  a  darker  central  re- 
gion; legs  and  palpi  light  brown,  with  white  hairs. 

Habitat:  United  States,  Mexico. 
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PHII^AEUS  CHRYSIS  Walck. 
Plate  I,  figure  20.    Plate  II,  figure  20.    Plate  III,  figure  20a. 

Syn,:  1837.    Attus  chrysis  ( s )  Walck.,  Hist.  Nat.  des  Insectes  Apt^res,  I, 

p.  454. 
1837.        "        iris  {9)  Walck. ,  id. ,  ibid. ,  p.  455. 

1846.  Plexippus  aurecalceus,  C.  K.,  Die  Arachniden,  XIII,  p.  113. 

1847.  Attus  cJirysia  Walck.,  Hist.  Nat.  des  Insectes  Aptdres,  IV,  p. 

422. 
1847.        •*        iris,  id.,  ibid.,  p.  423. 

6  ,    Total  length  9  mm.    Width  of  abdomen  2.8  mm. 

Cephalothorax:  length  3.9;  width  3.5;  height  2.8. " 

Legs  13.7,  9.5,  9.4, 10.9;  patella  and  tibia  of  the  first,  5.7;  patella  and  tibia  of 
the  third,  3.4;  patella  and  tibia  of  the  fourth,  4.4;  metatarsus  and  tar- 
sus of  the  fourth,  3.2. 

Falces  3  mm. 

Ocular  area  one-third  wider  than  long;  anterior  row  of  eyes  very  little 
curved;  lateral  rather  more  than  one-half  as  large  as  middle  eyes,  and 
separated  from  them  by  one-half  their  own  diameter;  dorsal  smaller 
than  lateral  eyes,  and  equally  distant  from  each  other  and  the  lat- 
eral borders.  Clypeus  one-fourth  as  high  as  middle  eyes.  Falces 
compressed,  as  wide  as  the  middle  eyes,  two  and  one-half  times  as 
long  as  the  face,  inclined  forward,  and  diverging;  the  fang  is  two- 
thirds  as  long  as  the  falx.  MaxillsB  paraUel,  long,  truncated,  with  a 
projection  at  the  outer  comer;  labium  blunt,  one-half  longer  than 
wide,  and  one-half  as  long  as  the  maxillte.  Sternum  truncated  in 
front,  rounded  behind,  one-fourth  longer  than  wide.    Anterior  coxse 

separated  by  width  of  labium.    Relative  length  of  legs  1,  4,  2,  3. 

9  .    Total  length  10.9  mm.    Width  of  abdomen  4.2  mm. 

Cephalothorax:  length  4.2:  width  3.8;  height  2.1. 

Legs  9.2,  7.9,  8.1,  9.4;  patella  and  tibia  of  the  first,  4.1;  patella  and  tibia  of 
the  third,  2.8;  patella  and  tibia  of  the  fourth,  3.5;  metatarsus  and 
tarsus  of  the  fourth,  3. 

Falces  1.9  mm. 

Falces  vertical,  parallel,  and  not  so  long  as  in  ^  ;  maxillae  rounded;  labium 
more  than  one-half  as  long  as  maxillae;  anterior  coxae  separated  by 
more  than  the  width  of  the  labium.   Relative  length  of  legs  4,  1,  3,  2. 

Coloration:  As  well  as  it  can  be  distinguished  from  our  badly  rubbed 
specimens,  the  coloration  is  as  follows:  6  ,  cephalothorax  black;  ab- 
domen black,  encircled,  excepting  at  the  apex,  by  a  white  band,  and 
with  two  pairs  of  white  spots,  or  rather  of  short  transverse  white 
lines,  on  the  posterior  part  of  the  dorsum;  the  imder  side  of  the  body, 
and  the  legs,  black,  or  very  dark  brown.  ?  ,  cephalothorax  black; 
abdomen  covered  with  golden  scales,  with  a  white  band  around  the 
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anterior  margin  which  extends  on  to  the  sides,  a  short  oblique  white 
line  on  each  side  at  the  termination  of  this  band,  and  posterior  to 
these  lines,  on  each  side  a  semi-circular  band,  white;  the  dorsum  has, 
on  the  anterior  part,  four  indented  dots,  and  on  the  posterior  part, 
opposite  the  oblique  lines  one  pair  of  short  transverse  white  lines  like 
those  of  the  $ ;  the  mouthparts  and  falces  are  black,  the  stemiuu 
and  COX8B  dark  brown;  the  venter  is  brown  with  a  central  longitudi- 
nal white  band;  the  legs  are  light  brown  excepting  the  femoral,  patel- 
lary,  and  tibial  joints  of  the  first  pair,  which  are  black. 
Habitat:    Mexico,  Guatemala.    (South  Carolina,  Georgia,  Walckenaer.) 


PHILiEUS  PRINCEPS    Peckham. 
Plate  III,  figure  21. 

Syn,:  1883.    Attus  princeps  P.,  Descr.  new  or  little  known  Attidse  of 

U.  S.,  p.  18. 

9  .    Total  length  8.1  nmi.    Width  of  abdomen  3  mm. 

Cephalothorax:  length,  3.9;  width,  3.2;  height,  2. 

Legs  7.1,  5.9,  6,  7.5;  patella  and  tibia  of  the  first,  3.4;  patella  and  tibia  of 
the  third,  2;  patella  and  tibia  of  the  fourth,  2.6;  metatarsus  and  tar- 
sus of  the  fourth,  2.4. 

Ocular  area  nearly  twice  as  wide  as  long,  and  much  wider  behind;  anterior 
row  a  little  curved,  the  eyes  composing  it  being  unusually  small,  the 
lateral  about  one-half  as  large  as  the  middle,  and  separated  from 
them  by  nearly  two-thirds  their  own  diameter;  dorsal  almost  as  large 
as  lateral  eyes,  and  further  from  each  other  than  from  the  lateral 
borders.  Clypeus,  one-third  as  high  as  middle  eyes.  Falces  as  wide 
as  the  first  row  of  eyes,  nearly  twice  as  long  as  the  face,  vertical, 
slightly  diverging.  Maxillsa  parallel,  enlarged  and  blunt  at  ex- 
tremity, slanting  on  the  inner  edge  to  the  labium;  labium  less  than 
one-half  as  long  as  maxillsa,  as  wide  as  long,  a  little  contracted  and 
truncated  at  tip.  Sternum  deep  set,  small,  one-half  longer  than  wide, 
widest  in  the  middle.  Anterior  coxae  separated  by  less  than  the 
width  of  the  labium.    Relativ-e  length  of  legs,  4, 1,  3, 2. 

Coloration:  9  .  Cephalothorax  dark  rufus,  covered  with  short  yellowish 
white  hairs,  and  having  some  long  black  hairs  on  the  eye  region; 
abdomen  covered  with  coarse  tawny  and  gray  hairs,  with  a  whitish 
band  at  base,  and  two  gray  spots,  one  on  either  side  of  the  middle 
point  of  the  dorsum.  Clypeus  with  thick  white  hairs;  falces  darkly 
iridescent;  mouthparts  brown;  maxiUse  tipped  with  white;  sternum 
black;  venter  with  grayish  yellow  hairs;  legs,  palpi,  and  spinnerets 
bright  reddish  brown,  the  legs  and  palpi  with  white  hairs. 

Habitat:  Pennsylvania. 
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PHIL^US  RIMATOR    Walck. 
Plate  I,  figure  22. 

Syn.:  1837.  ?  Attus  rimator  Walck.,  Hist.  Nat.  des  Insectes  Apt^res,  I,  p. 

446. 

1846.  Phidippus  auctus  C.  K.,  Die  Araclmiden,  XIII,  p.  148. 

1847.  Attus  rimator  Walck.,  His.  Nat.  des  Insectes  Aptdras,  IV,  p. 

422. 
1883.        **       formo8U8  Peckliam,  Descr.  new  or  little  known  AttidaB, 

of  U.  S.,  p.  23. 

?  .    Total  length  8.4  mm.    Width  of  abdomen  2.9  mm. 

Cephalothorax:  length  4;  width  2.9;  height  2. 

Legs  7,  5.2,  4.9,  7.5;  patella  and  tibia  of  the  first,  3;  patella  and  tibia  of  the 
third,  1.7;  patella  and  tibia  of  the  fourth,  2,7;  metatarsus  and  tarsus  of 
the  fourth,  2. 

Ocular  area  one-third  wider  tlianlong;  anterior  row  of  eyes  slightly  curved; 
lateral  rather  more  than  one-half  as  large  as  middle  eyes,  and  sep- 
arated from  them  by  two-thirds  their  own  diameter;  eyes  of  this  row- 
unusually  small;  eyes  of  second  row  very  minute;  dorsal  eyes  a  little 
smaller  than  the  lateral,  and  placed  further  from  each  other  than 
from  the  lateral  borders.  Clypeus  one-half  as  liigh  as  middle  eyes. 
Falces  as  wide  as  the  first  row  of  eyes,  once  and  one-half  as  long  as 
the  face,  vertical  and  a  little  divergent.  Maxillae  parallel,  enlarged 
and  blunt  at  extremity,  cut  a  little  on  the  inner  edge;  labium  one-half 
as  long  as  maxilla?,  twice  as  long  as  wide,  contracted  and  rounded 
at  tip.  Sternum  deepset,  oblong,  narrow  in  front,  one-half  longer 
than  wide.  Anterior  coxae  separated  by  scarcely  the  width  of  the 
labium. 

Coloration:  9 .  Cephalothorax  and  abdomen  covered  with  bright  red 
hairs,  the  abdomen  with  a  white  band  around  the  base,  and  a  wide, 
central,  longitudinal,  black  band  which  begins  in  front  of  the  middle 
of  the  dorsum  and  extends  around  the  lower,  posterior  sides;  upon 
this  band  are  three  pairs  of  white  dots.  Clypeus  and  palpi  covered 
with  red  hairs;  falces  brilliant  green;  mouthparts,  sternum  andcoxad 
varying  from  brown  to  black;  venter  black;  legs  brownish  with  some 
red  hairs. 

Habitat:    Pennsylvania,  Florida,  Iowa. 


■51 


Attidw  of  North  America,  33 

PLEXIPPUS  PUERPERUS    Hentz. 

Plate  I.  flfirures  23,  23a.    Plate  11,  fl{;ure  33a.    Plate  III,  flKure  23b. 

Sun,:   1845.     Attus  j>uerpeni«  Hentz,  Journal  Boston  Soc.  Nat.  Hist.,  Vol. 

V. 

1845.  **     sylvanuaid,^  ibid..  Vol.  V. 

1846.  AixincES A.  pallida  C.  K.,  Die  Arachn.,  XIH,  p.  179. 

1874.  Attus  branickii  Tacz..  Les  Araneides  dela  Guyane  frangaise, 

Horae  Soc.  Entomol.  Ross.  T. ,  VIII,  p.  94. 

1875.  Attus puerperus  Hentz,  CJoll.  Arachn.  Writ.    Eld.  by  Burgess, 

p.  64. 
1879.    Marpissa  branickii  Tacz..  Les  Araneides  du  Perou.     BulL 

Soc.  Imp.  des  Nat.  de  Moscou.  T.  LIH,  p.  227.    • 
1883.    Attus  agrestis  Peckham,  Descr.  new  or  little  know  Attidsa  of 

U.S.,  p.  12. 
1885.     Plexippus  puerperus  id. ,  Proc.  Nat.  Hist.  Soc.  of  Wisconsin, 

p.  68. 

As  Dr.  Taczanowski  has  kindly  sent  us  specimens  of  his  Attus  branickii 
we  have  been  able  to  compare  them  with  puerperus  Hentz.  They 
are  undoubtedly  identical.  We  have  the  same  spider  in  our  own  col- 
lection, from  Central  America. 

S  .    Total  length*  11  mm.      Width  of  abdomen  2.4  mm. 

Cephalothorax:  length  4;  width  2.4;  height  2.8. 

Legs  12.3,  10.3, 10.5,  10.8;  patella  and  tibia  of  the  first  5.4;  patella  and  tibia 
of  the  third  3.9;  patella  and  tibia  of  the  fourth,  3.8;  metatarsus  and 
tarsus  of  the  fourth,  3.9. 

$  .     Total  length  13.6  mm.     Width  of  abdomen  4.7  nun. 

Cephalothorax:  length  4.8;  width  4.2;  height  2.8. 

Legs  10.6,  9.1,  10.4,  11.7;  patella  and  tibia  of  the  first,  4.8;  patella  and  tibia 
of  the  third,  3.9;  patella  and  tibia  of  the  fourth,  4.1;  metatarsus  and 
tarsus  of  the  fourth,  4.3. 

Cephalothorax  high,  rounded  on  the  sides  and  widest  behind  the  dorsal 
eyes.  The  cephaUc  part  occupies  two-fifths  of  the  cephalothorax;  it 
is  nearlv  plane  and  slightly  inclined.  The  thoracic  part  is  somewhat 
rounded  but  falls  steeply  from  the  dorsal  eyes.  The  ocular  area  is  one- 
fourth  wider  than  long  and  is  a  little  wider  behind  tlian  in  front. 
The  anterior  row  is  moderately  curved:  the  middle  eyes  are  sub-touch- 
ing and  are  scarcely  twice  as  large  as  the  lateral  eyes,  the  lateral  being 
separated  from  the  middle  by  one-third  their  own  diameter.  The 
eyes  of  the  second  row  are  placed  not  quite  as  far  from  the  dor- 
sal as  from  the  lateral  eyes.  The  dorsal  eyes  are  a  little  smaller  than 
the  lateral  eyes  and  are  placed  by  more  than  their  own  diameter  in- 

1  The  size  of  the  male  is  very  variable,  ranging  from  5.0  mm.,  total  length,  to  11  ram. 
C 


34  Wisconsin  Academy  of  Sciences^  Arts  and  Letters. 

side  the  margin:  they  are  further  from  each  other  than  from  the 
lateral  borders.  The  clypeus  is  one-third  as  high  as  the  large  middle 
eyes.  The  falces  are  stout,  being  a  little  wider  than  the  first  row  of 
eyes,  and  are  flattened  in  front;  they  are  nearly  twice  as  long  as  the 
face,  parallel  and  vertical.  Tlie  fang  is  short.  The  maxillae  are  long 
and  parallel,  enlarged  and  slightly  rounded  at  the  extermity.  Tlie 
labium  is  but  little  longer  than  wide,  a  little  more  than  one-half  the 
maxillae,  contracted  and  rounded  at  the  tip.  Sternum  one  and  one- 
half  times  as  long  as  wide,  trunca,ted  in  front  and  rounded  behind. 
It  projects  between  the  anterior  coxae  which  are  separated  by  the 
width  of  the  labium.  Legs,  relative  stoutness,  first,  second,  third, 
fourth i  the  fourth  being  plainly  more  slender  than  the  third.  There 
are  femoral,  patellary,  tibial  and  metatarsal  spines  on  the  four  pairs, 
those  on  the  tibiae  and  metatarsi  of  the  third  and  fourth  being  found 
both  above  and  below,  and  those  on  the  metatarsi  extending  to  the 
base.    The  ?  has  no  patellary  spines  on  the  first  and  second  pairs. 

Coloration:  (6 .)  The  cephalothorax  varies  from  reddish  brown  to  black 
and  has  on  the  dorsum  a  central  spot  of  white,  two  white  lines  on 
each  side  near  the  posterior  border,  running  upward  from  the  lower 
margin,  and  just  behind  and  below  each  dorsal  eye  two  short  parallel 
white  lines;  the  abdomen  varies  from  light  testaceous  to  dark  brown 
and  has  on  the  dorsum  two  longitudinal  white  bands;  on  each  side  of 
the  bands  are  some  scattered  black  dots.  The  legs  and  falces  are 
dark  brown;  the  clypeus  is  dark  brown  above  with  a  pale  band  just 
over  the  falces;  on  the  upper  portion  two  lines  of  white  hairs  begin- 
ning between  the  middle  eyes  run  obliquely  outward  to  the  insertion 
of  the  palpi;  the  palpus  is  brown,  with  a  white  line  above,  meeting 
that  on  the  clypeus.  The  sternum,  coxae  and  mouthparts  vary  from 
light  testaceous  to  dark  brown;  the  venter  is  brown  with  a  longitudi- 
nal white  line  on  each  side.  (?)  The  cephalothorax  is  yellow,  dark- 
est in  the  eye  region,  the  eyes  are  jet  black,  the  small  middle  eye  is 
on  a  black  spot,  thus  offering  a  striking  contrast  to  the  light  yellow 
of  the  cephalothorax;  there  is  a  brown  spot  just  above  the  anterior 
middle  eyes;  the  abdomen  is  light  yellow  with  three  longitudinal 
white  bands,  the  middle  band  often  less  distinct,  and  many  black 
dots.  The  legs,  palpi,  falces  and  clypeus  are  yellow,  the  sternum, 
coxae  and  venter  pale  brown,  the  venter  having  a  line  of  white  haaiB 
on  each  side. 

Habitat:  California,  Florida,  Texas,  Georgia  (Gentry  collection),  Mexico, 
Guatemala,  New  Grenada  (in  collection  of  Ck)imt  Keyserling),  Bra- 
ziL 
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PLEXIPPUS  PUTNAMII    Peckham. 
Plate  III,  flguro  24. 

Syiu:  1883.  Attus  pufnamn  P.,  Descriptions  of  new  or  little  known  At- 
tidae,  p.  1. 

6  .    Total  length  9  mm.    Width  of  abdomen  2.6  mm. 

Cephalothorax:    length  4.5;  width  3.3;  height  2.3. 

Oephalothorax  high,  convex,  widest  just  behind  dorsal  eyes;  cephalic  a 
httle  shorter  than  thoracic  part;  rounded  on  the  sides  and  slanting 
abruptly  behind.  Ocular  area  nearly  twice  as  wide  as  long;  wider 
behind  than  in  front;  anterior  row  of  eyes  a  little  curved;  lateral  \ 
as  large  as  middle  eyes,  and  separated  from  them  by  f  their  own  di- 
ameter, while  the  middle  eyes  are  slightly  separated  from  each  other; 
eyes  of  the  second  row  a  very  little  nearer  the  lateral  than  the  dorsal 
eyes;  dorsal  nearly  as  large  as  lateral  eyes,  further  from  each  other 
than  from  the  lateral  borders,  forming  a  row  which  is  a  little  nar- 
rower than  the  cephalothorax  at  that  place.  Clypeus  i  as  high  as 
middle  eyes.  Falces  extending  in  width  to  inner  edges  of  lateral 
eyes,  square,  \\  times  as  long  as  the  face,  vertical,  parallel;  fang 
small.  Maxillae  parallel,  tnincated  at  tip,  cut  obliquely  on  the  inner 
edges;  labium  \  as  long  as  maxillae,  as  wide  as  long,  (tinted.  Ster- 
num very  deep-set,  oval,  projecting  between  the  anterior  coxsb, 
which  are  separated  by  less  than  the  width  of  the  labium.  Relative 
length  of  legs  4,  8,  1,  2;  first  and  second  pairs  stoutest.  Femur  of 
the  first  rather  short,  narrow  at  the  ends,  and  much  enlarged  below, 
in  the  middle.  All  the  legs  have  femoi-al,  tibial  and  metatarsal 
spines,  and  there  are  patellary  spines  on  the  third  and  fourth;  met- 
atarsi of  the  fourth  spined  throughout  their  length. 

Coloration:  Cephalothorax  reddish  brown;  there  is  a  large  wliite  spot  just 
behind  the  dorsal  eyes,  and  a  short  w^hite  band  on  each  side  of 
the  eye-region  extending  from  tha  smaller  median  to  the  dorsal  eyes; 
just  back  of  the  small  median  eye  is  a  tuft  of  black  hairs;  there  are 
thick,  light  brownish  hairs  above  the  anterior  row  of  eyes.  Abdo- 
men Ught  reddish  brown,  encircled  by  a  white  band;  near  the  apex 
two  short,  transverse,  parallel,  white  bars,  on  each  side,  extend  from 
the  encircling  band  toward  the  middle  of  the  abdomen;  at  about 
the  middle  point  of  the  dorsum  is  a  large  white  spot,  and  near  the 
base  are  two  small,  indistinct,  white  8i)ots  formed  by  a  few  white 
hairs.  Clypeils  covered  with  short  red  and  long  white  hairs.  Palpus 
brownish,  with  black  and  white  hairs.  Mouthparts,  sternum  and 
coxae  dark  brown,  sternum  and  coxae  covered  with  white  hairs.  Ven- 
ter covered  with  whitish  hairs,  with  a  central,  longitudinal,  darker 
band.    Legs  brownish  red  with  many  long  white  hairs. 

Habitat:  Iowa. 
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DENDRYPHANTES  CAPITATUS     Hentz. 
Plate  I,  figures  25,  25a.    Plate  III,  figure  25a. 

Syn,:  1844.    Attus  capitatus  H.,  Journal  Bost.  Soc.  Nat.  Hist.,  Vol.  IV. 
1845.    Attus  panniH  ( i  )  id.,  ibid.  Vol.  V. 
1875.    Attus  parvus  (?)  id.,  Coll.  Arachn.  Writ,  by  N.   M.   Hentz. 

Ed.  by  Burgess,  Boston,  p.  62. 
1875.    Attus  capitatus  id.,  ibid.,  p.  51. 

1883.    Attus  cestivalis  Peckham,  Descr.  new  or  little  known  Attidaa 

of  U.  S.,  p.  2. 

^  .     Total  length  4.8  mm.    Width  of  abdomen  1.4  mm. 

Cephalothorax:  length  2.1;  width  1.5;  height  1.2. 

Legs  4.1,  3,  2.6,  3.9;  patella  and  tibia  of  the  first,  1.9;  patella  and  tibia  of 
the  tliird,  9;  patella  and  tibia  of  the  fourth,  1.7;  metatarsus  and  tar- 
sus of  the  fourth,  9. 

Cephalotliorax  high,  convex,  slightly  dilated  behind  dorsal  eyes;  cephalic 
part  inclined,  but  little  shorter  than  thoracic.  Ocular  area  one-third 
wider  than  long,  a  little  wider  behind  than  in  front;  first  row  of  eyes 
a  little  curved;  lateral  a  little  less  than  one-half  as  large  as  middle 
eyes,  and^sUghtly  separated  from  them;  middle  eyes  sub-touching;  eyes 
of  second  row  a  very  little  nearer  lateral  than  dorsal  eyes;  dorsal  eyes 
further  from  each  other  than  from  lateral  borders.  Clypeus  one-third 
as  liigh  as  middle  eyes,  retreating.  Falces  extending  to  inner  edges 
of  lateral  eyes,  flattened,  once  and  a  half  as  long  as  face,  vertical, 
somewhat  diverging:  fang  moderately  long  and  stout.  Maxillae  par- 
allel, long,  enlarged  and  rounded  at  extremity,  with  a  projection  at 
the  ttuter  corner;  labium  less  than  half  as  long  as  maxillae,  contracted 
and  rounded  at  tip.  Sternum  oval,  twice  as  long  as  wide,  narrow  at 
both  ends.  Anterior  coxae  separated  by  a  little  more  than  the  width 
of  the  labium;  considerably  longer  than  the  others.  Legs  relatively 
long;  first  pair  stoutest.  Femoral,  tibial  and  metatarsal  spines  on 
the  four  pairs;  on  the  metatarsi  of  the  fourth  throughout  their 
length. 

$» .     Total  length  6.2  mm.     Width  of  abdomen  2.3  mm. 

Cephalothorax:  length  2;  width  1.5;  height  8. 

Legs  3.5,  2.8,  2.5,  4.3;  patella  and  tibia  of  the  first,  1.3;  patella  and  tibia  of 
the  third,  9;  patella  and  tibia  of  the  fourth,  1.7;  metatarsus  and  tar- 
sus of  the  fourth,  9. 

Middle  anterior  only  twice  as  large  as  lateral  eyes;  lateral  not  so  much  fc>ej>- 
arated  from  middle  eyes  as  in  ($ .  Falces  parallel,  fang  short  and 
weak.  Maxilla3  parallel,  without  projection  at  outer  comer;  labium 
more  than  once  and  one-half  as  long  as  maxillae.  Anterior  coxae  sepa- 
rated by  scarcely  the  width  of  the  labium  and  not  so  long  as  in  ^  . 

Coloration :  s  .  Cephalothorax  bronze  brown  with  three  longitudinal  white 
bands  on  each  side;  the  highest  of  these  is  much  the  widest  and  ox- 
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tends  from  the  anterior  lateral  eye  to  the  posterior  border;  the  mid- 
dle band  has  its  origin  on  the  upper  surface  of  the  caput  and  passing 
down  between  the  middle  and  lateral  eye  of  the  first  row  curves 
backward  and  extends  along  the  side  of  the  c«phalothorax  through 
about  half  its  length;  the  lowest  of  the  bands  is  the  narrowest;  it 
begins  opposite  the  origin  of  the  palpus,  and  passes  backward  just 
above  the  lower  border,  terminating  a  little  beyond  the  middle  band. 
A  wide  vertical  white  band  passes  between  the  anterior  middle  eyes 
from  the  upper  surface  of  the  caput  to  the  origin  of  the  f alces.    Ab- 
domen bronze  brown,  nearly  encircled  by  a  white  band  which  ex- 
tends around  the  base  and  sides  and  ends  abruptly  just  above  and  in 
front  of  the  spinnerets.     Clypeus,  falces,  mouthparts  and  sternum 
brown;  venter  brown  with  three  white  bands,  one  on  each  side,  and 
one  connecting  these  at  the  apex. 
^ .    Cephalothorax  brown  with  short  white  hairs.    Abdomen  very  vari- 
able; sometimes  pinkish  with  white  bands  at  base  and  on  the  sides, 
and  four  pairs  of  white  spots;  sometimes  brown  with  many  pale 
spots  and  curved  bands;  sometimes  brown  with  four  pairs  of  black 
spots  (resembling  E,  octavua) ;  sometimes  bronze  with  white  hairs  at 
base  and  on  the  sides,  and  two  longitudinal  black  bands  upon  which 
are  three  or  four  pairs  of  white  dots  (resembling  P.  militaria),    Cly- 
peus white.    Other  parts  varying  between  light  and  dark  brown. 
This  species  is  much  like  P.  militaris,  but  is  easily  distinguished  from  it 
by  the  difference  in  size,  P.  militaris  being  considerably  larger.    The  male 
sometimes  retains  the  markings  of  the  female,  these  being  proper  to  it  in 
the  immature  stage.     It  was  a  male  of  this  kind  that  we  described  as  new 
under  the  name  of  A,  cestivalis. 
Habitat :    United  States.  Mexico. 


DENDRYPHANTES  ELEGANS  Hentz. 

Plate  m,  figures  80,  a8a,  20b.    Plate  IV,  fi^jure  aOc. 

Syn,:  1845.    Attus  elegatis  H.  ( ? ),  Jour.  Bost.  Soc.  Nat.  Hist.,  Vol.  V. 

1845.        **       superciliosiis  id.  (  6  ),  ibid..  Vol.  V. 

1848.    Maevia  cristata  C.  K.  ( 5 ),  Die  Arachn.,  XIV,  p.  70. 

1875.    Attus  elegans  H.  ( ?  ),  Coll.  Arachn.    Writ,  by  N.  M.  Hentz, 

Ed.  by  Burgess,  Boston,  p.  56. 

1875.        **        siiperciliosus  id.  {$),  ibid.,  p.  68. 

1683.        "        tibialis  Peckham  (  6  ),  Descr.  new  or  little  known  Atti- 

daj  of  U.  S.,  p.  11. 
S  .     Total  length  4.3  mm.     Width  of  abdomen  1.1  mm. 
Cephalothorax:  length  1.9;  \\'idth  1.2;  height  .8w 
l«egs  5.4,  3.2,  3.2,  5;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of  the 

third,  1.2;  patella  and  tibia  of  the  fourth,  1.9;  metatarsus  and  tarsus 

of  the  fourth,  1.6. 
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9  .    Total  length  5.5  mm.    Width  of  abdomen  2  mm. 

Cephalothorax:  length  2.1;  width  1.  2;  height  1. 

Legs  3.7,  8.1,  3.4,  4.3;  patella  and  tibia  of  the  first,  1.3;  patella  and  tibia 
of  the  third,  1.1;  patella  and  tibia  of  the  fourth,  2;  metatarsus  and 
tarsus  of  the  fourth,  1.6. 

CJephalothorax  moderately  high,  convex,  dilated  behind  dorsal  eyes;  sides 
nearly  vertical  in  cephalic,  rounded  in  thoracic  part;  cephalic  part 
inclined,-  especially  in  $  ;  thoracic  part  slanting  gradually  for  the  first 
three-fifths  of  its  length,  then  steeply.  Ocular  area  occupying  about 
two-fiftli8  of  cephalothorax,  one-fourth  wider  tlian  long,  slightly 
wider  behind  than  in  front;  first  row  of  eyes  on  a  ridge,  curved 
(more  in  6  tlian  in  ^  ):  middle  eyes  sub-touching;  lateral  one-half  as 
large  as  middle  eyes,  separated  from  them  by  one-half  their  own  di- 
ameter; eyes  of  second  row  halfway  between  dorsal  and  lateral  eyes; 
S  witli  two  ridges  of  stout  hairs  oblique  and  converging,  extending 
from  eyes  of  second  row  to  anterior  middle  eyes;  dorsal  as  large  as 
lateral  eyes,  further  from  each  other  than  from  lateral  borders,  foma- 
ing  a  row  as  wide  as  the  cephalothorax  at  that  place.  Clypeus  verti- 
cal, scarcely  one-fourth  as  high  as  the  middle  eyes.  Falces  ( $ ) 
extending  to  inner  edges  of  lateral  eyes,  ( ?  )  nearly  as  wide  as  first 
row,  a  Uttle  longer  than  face,  parallel,  vertical;  fang  weak;  maxillad 
parallel,  enlarged  and  (  s )  truncated,  (?)  rounded  at  extremity;  la- 
bium about  one-half  as  long  as  maxilUe,  as  wide  as  long,  rounded 
and  mucli  contracted  at  tip;  sternum  one  and  one-half  times  as  long 
as  wide,  truncated  in  front,  contracted  and  rounded  beliind;  anterior 
coxae  separated  ( ^ )  by  widtli  of  labium,  (?)  by  less;  legs  all  fine  and 
glabrous,  first  a  little  tlie  stoutest;  femur  of  the  third  long;  very 
weak  tibial  and  metatarsal  (and  in  o  femoral)  spines  on  the  four  pairs; 
on  metatarsi  of  the  third  and  fourth  onlv  in  terminal  circles. 

Coloration:  S .  Cephalothorax  black  in  eye  region,  reddish  on  sides  and 
thoracic  part,  entirely  covered  with  liglit  green  iridescent  scales,  ex- 
cepting a  narrow  black  line  between  two  white  lines  around  the  mar- 
gin; two  whitish  tufts  of  hairs  above  anterior  eyes.  Al^domen  and 
venter  covered  with  green  iridescent  scales.  Clyiwus  iridescent; 
falces  brown;  sternum  black  with  white  hairs;  mouthparts  and 
coxa?  brown;  palpi  and  legs  light  brown,  legs  witli  a  black  longitudi- 
nal line  above,  first  and  second  darker  than  third  and  fourth;  tibia  of 
the  first  black  at  distal  end,  with  a  strong  black  spine  and  a  brush  of 
black  hairs.  ?  .  Cephalothorax  dark,  covered  with  iridescent  scales, 
excepting  marginal  lines  as  in  .5 .  Abdomen  dark  and  highly  irides- 
cent, with  a  wliitish  band  around  base  and  anterior  sides.  Clypeus 
iridescent;  falces,  palpi,  mouthparts,  sternum  and  coxae  as  in  ^ . 
Venter  iridescent;  legs  pale  with  black  lines  as  in  s  ,  excepting  femur 
of  the  first  which  is  dark. 

Habiiat:    Middle,  Eastern  and  Southern  United  States. 
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DENDRYPHANTES  FLAVUS    Nov.  Sp. 

Plate  I,  figure  27.    Plate  III,  figures  27,  27  a. 

P  .    Total  length  6.2  mm.    Width  of  abdomen  1.8  ram. 

Cephalothorax:  length  2.7;  width  2;  height  1,2. 

Legs  4.6,  3.5,  8.8,  4;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of  the 
third,  1.6;  patella  and  tibia  of  the  fourth,  1.6;  metatarsus  and  tarsus 
of  the  fourth,  1.2. 

Cephalothorax  not  high,  convex,  dilated  at  the  dorsal  eyes,  with  sides 
rounded  more  rudely  behind  than  in  front;  cephalic  part  inclined. 
Ocular  area  occupying  a  little  more  than  one-third  of  cephalothorax, 
one-tliird  wider  than  long,  wider  behind  than  in  front;  anterior  eyes 
looking  downward,  in  a  slightly  curved  row;  middle  eyes  sub-touch- 
ing; lateral  less  than  one-half  as  large  as  middle  eyes,  separated  from 
them  by  one-half  their  own  diameter;  eyes  of  second  row  a  little 
nearer  the  lateral  than  the  dorsal  eyes;  dorsal  as  large  as  lateral  eyes, 
further  from  each  other  than  from  lateral  borders,  forming  a  row  as 
wide  as  the  cephalothorax  at  that  place.  Clypeus  only  a  line. 
Falces  nearly  as  wide  as  first  row  of  eyes,  two  and  one-half  times  as  long 
as  face,  a  little  inclined  forward,  parallel;  fang  short.  MaxiUse  par- 
allel, one-half  as  long  as  falces,  enlarged  and  rounded  at  extremity. 
Labium  a  little  more  than  one-half  as  long  as  maxillae,  longer  than 
wide,  rounded.  Sternum  deep  set,  twice  as  long  as  wide,  truncated 
in  front,  rounded  behind.  Anterior  coxsb  separated  by  width  of 
labium ;  coxae  of  the  first  and  second  much  the  stoutest.  Legs  of  the  first 
and  second  stoutest,  with  femoral  joints  compressed,  and  having  a  sin- 
gle row  of  spines  above,  and  several  at  the  extremity ;.  there  are  femoral, 
tibial,  metatarsal,  and  sometimes  small  patellary  spines  on  all  the 
legs;  metatarsi  of  the  fourth  spined  to  the  base. 

Coloration:  Cephalothorax  covered  with  yellow  haii*s,  with  a  transverse 
brown  band  at  dorsal  eyes,  and,  around  the  margin,  a  white  line  be- 
tween two  black  Hues.  Clypeus  covered  with  white  hairs.  Abdo- 
men covered  by  yellow  hairs  which  have  a  somewhat  metallic  lustre, 
and  having  two  longitudinal  black  bands,  on  each  of  which  are  three 
white  dots.  Falces,  mouth  parts  and  sternum  dark  brown,  with  some 
white  hairs.  Coxae  light  brown.  Palpi  covered  with  gray  hairs. 
Legs  brown  with  gray  hairs,  and  tipped  with  black.  Venter  brown 
with  gray  hairs. 
Habitat:    New  York. 
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DENDRYPHANTES  IVIULTICOLOR    Hentz. 

Plate  m,  fl^Tires  28.  2S&. 

8yn.:    1844.    Attus  multicolor  H.,  Jour.  Bost.  Soc.  Nat.  Hist,.  Vol.  IV. 

1875.        "  **         id.,  Ck)ll.,  Arachn.    Writ,  by  N.  M.  Hentz. 

Ed.  by  Burgess,  Boston,  p.  53. 

9 .    Total  length  6.8  mm.    Width  of  abdomen  2.4  mm. 

Cephalothorax:    length  8;  width  2.5;  height  1.5. 

Legs  6.1, r,  4.9,  6.1;  patella  and  tibia  of  the  first,  2.7;  patella  and  tibia 

of  the  third,  1.9;  patella  and  tibia  of  the  fourth,  2.2:  metatarsus  and 
tarsus  of  the  fourth,  2.1.  ' 

Cephalothorax  high,  convex,  a  little  dilated  behind  dorsal  eyes,  with  sides 
rounded  more  widely  behind  than  in  front,  cephalic  part  inclined; 
thoracic  part  falling  slightly  in  the  first  half,  and  much  more  steeply 
in  the  second.  Ocular  area  occupying  nearly  one-half  the  cephalo- 
thorax, one-third  wider  than  long,  wider  behind  than  in  front.  First 
row  of  eyes  on  a  ridge,  slightly  curved;  middle  eyes  sub-touching; 
lateral  one-half  as  large  as  middle  eyes,  separated  from  them  by 
nearly  one-half  their  diameter;  second  row  a  little  nearer  lateral  than 
dorsal  eyes;  dorsal  nearly  as  large  as  lateral  eyes,  further  from  each 
other  than  from  lateral  borders,  forming  a  row  a  little  narrower  than 
the  cephalothorax  at  that  place.  Clypeus  one-fifth  as  high  as  middle 
eyes,  vertical.  Falces  extending  to  inner  edges  of  lateral  eyes,  twice 
as  long  as  face,  vertical,  parallel;  fang  short.  MaxillsB  parallel,  di- 
lated and  rounded  at  extremity.  Labium  one-half  as  long  as  max- 
illa*, a  little  longer  tlian  \%ide,  contracted  and  rounded  at  tip.  Ster- 
num nearly  twice  as  long  as  \vide,  a  little  more  contracted  behind 
than  in  front,  narrowest  in  the  middle.  Anterior  coxaa  separated  by 
nearly  the  width  of  the  labium.  Legs  of  the  first  stoutest,  with 
femoral  joints  enlarged  and  compressed.  Femoral,  tibial  and  meta- 
tarsal spines  on  the  four  pairs;  metatarsi  of  the  fourth  spined 
throughout  their  length. 

Coloration:  Our  single  specimen  of  this  species  being  badly  injured,  we 
quote  the  following  description  from  Hentz: 

**  Ceplialothorax  black,  with  a  pale,  irregular  band  each  side  of  the 
disc;  abdomen  metallic  green,  with  a  band  at  base,  and  a  diagonal 
spot  each  side,  orange,  and  \vith  eight  small  white  spots;  underneath 
obscure  gray,  >vith  inflections  of  green  on  the  i)ectus;  feet  rufous  or 


pale,  varied  with  piceous  1.  4.  2.  3.  This  species  is  related  to 
A.  otiomis  and  mystaceus,  but  distinct  from  both  by  the  absence  of  the 
tufts  of  hair  on  the  cephalothorax,  and  other  characters.  The  palpi 
are  pale  yellow,  and  there  is  a  black  band  more  or  less  visible  on 
each  side  of  the  alxlomen." 
Habitat:    Pennsylvania,  Alabama. 
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DENDRYPHANTES  ALBO-IMMACULATUS    Peckham. 

Plate  m,  flffure  29. 

Syn.:  1883.    Attus  aWo-immaculatus  P. ,  Descr.  new  or  little  known  Attid® 

of  U.  S.,  p.  5. 

9  .    Total  length  5  mm.    Width  of  abdomen  2  mm. 

Cephalothorax:  length  1.8;  width  1.8;  height  .8. 

Legs  3.2,  2.6,  2.4,  3.9;  patella  and  tibia  of  the  first,  1.1;  patella  and  tibia  of 
the  third,  8;  patella  and  tibia  of  the  fourth,  1.4;  metatarsus  and 
tarsus  of  the  fourth,  1.3. 

Cephalothorax  rather  low,  slightly  convex,  a  very  little  dilated  at  dorsal 
eyes,  sides  almost  vertical,  posterior  margin  truncated;  cephalic  part 
slightly  inclined;  ocular  area  occupying  two-fifths  of  cephalothorax, 
nearly  one-third  wider  than  long,  vnder  behind  than  in  front.  An- 
terior eyes  small,  in  a  slightly  cur\'ed  row;  middle  eyes  touching; 
lateral  a  little  less  than  one-half  as  large  as  middle  eyes,  separated 
from  them  by  one-half  their  own  diameter;  eyes  of  second  row  very 
small,  slightly  nearer  the  lateral  than  the  dorsal  eyes;  dorsal  a  little 
larger  than  lateral  eyes,  further  from  each  other  tlian  from  lateral 
borders,  forming  a  row  as  wide  as  the  cephalothorax  at  that  place. 
Clypeus  vertical,  one-third  as  high  as  middle  eyes.  Falces  as  wide 
as  first  row  of  eyes,  twice  as  long  as  face,  vertical,  parallel;  fang 
short.  Maxillad  parallel,  long,  enlarged  and  rounded  at  extremity; 
labium  one-fourth  longer  than  wide,  one-half  as  long  as  maxillae, 
contracted  and  rounded  at  tip.  Sternum  twice  as  long  as  wide,  con- 
tracted and  truncated  in  front.  Anterior  coxae  separated  by  nearly 
the  width  of  the  labium.  Femur,  iiatelLa  and  tibia  —  especially  tibia  — 
of  the  first  enlarged;  femur  with  a  row  of  short  and  strong  black 
hairs  near  the  middle  of  the  lower  border;  patella  with  two  circles  of 
white  hair  separated  by  a  hairless  median  jmrt;  the  tibia  has,  on  the 
upper  border,  a  short  ridge  of  strong  black  hairs,  and  on  the  lower 
border  a  longer  ridge,  the  hairs  below  being  as  long  as  the  articula- 
tion is  thick;  metatarsus  and  tarsus  slender.  Weak  femoral,  tibial 
and  metatarsal  spines  on  the  four  pairs,  on  the  metatarsi  of  the  third 
and  fourth  only  in  terminal  circles. 

Coloration:  Cephalothorax  and  abdomen  closely  covered  with  short 
white  hairs,  with  a  few,  scattered,  long  black  hairs;  clyi)eus,  falces, 
palpi,  sternum,  coxae  and  venter  covered  with  white  hairs;  mouth- 
parts  pale;  first  le^  brown,  excepting  the  tibia,  which  is  black;  other 
legs  light  brown  with  longitudinal  lines  of  white  hairs. 

Habitat:    Iowa,  New  York. 


34  Wisconsin  Academy  of  Sciences^  Arts  and  Letters. 

side  the  margin:  they  are  further  from  each  other  than  from  the 
lateral  borders.  The  clypeus  is  one-third  as  high  as  the  large  middle 
eyes.  The  falces  are  stout,  being  a  little  wider  than  the  first  row  of 
eyes,  and  are  flattened  in  front;  they  are  nearly  twice  as  long  as  the 
face,  parallel  and  vertical.  The  fang  is  short.  The  maxillae  are  long 
and  parallel,  enlarged  and  slightly  rounded  at  the  extermity.  The 
labium  is  but  little  longer  than  wide,  a  little  more  than  one-half  the 
maxillae,  contracted  and  rounded  at  tlie  tip.  Sternum  one  and  one- 
half  times  as  long  as  wide,  truncated  in  front  and  rounded  behind. 
It  projects  between  the  anterior  coxae  which  are  separated  by  the 
width  of  the  labium.  Legs,  relative  stoutness,  first,  second,  third, 
fourth;  the  fourth  being  plainly  more  slender  than  the  third.  There 
are  femoral,  patellary,  tibial  and  metatarsal  spines  on  the  four  pairs, 
those  on  the  tibiae  and  metatarsi  of  the  third  and  fourth  being  found 
both  above  and  below,  and  those  on  the  metatarsi  extending  to  the 
base.    The  ?  has  no  patellary  spines  on  the  first  and  second  pairs. 

Coloratio7i:  (6 .)  The  cephalothorax  varies  from  reddish  brown  to  black 
and  has  on  the  dorsum  a  central  spot  of  white,  two  white  lines  on 
each  side  near  the  posterior  border,  running  upward  from  the  lower 
margin,  and  just  behind  and  below  each  dorsal  eye  two  short  parallel 
white  lines;  the  abdomen  varies  from  light  testaceous  to  dark  browa 
and  has  on  the  dorsimi  two  longitudinal  white  bands;  on  each  side  of 
the  bands  are  some  scattered  black  dots.  The  legs  and  falces  are 
dark  brown;  the  clypeus  is  dark  brown  above  with  a  pale  band  just 
over  the  falces;  on  the  upper  portion  two  lines  of  white  hairs  begin- 
ning between  the  middle  eyes  run  obliquely  outward  to  the  insertion 
of  the  palpi;  the  palpus  is  brown,  with  a  white  line  above,  meeting 
that  on  the  clypeus.  Tlie  sternum,  coxae  and  mouthjmrts  vary  from 
light  testaceous  to  dark  brown;  the  venter  is  brown  with  a  longitudi- 
nal white  line  on  each  side.  {$)  The  cephalothorax  is  yellow,  dark- 
est in  the  eye  region,  the  eyes  are  jet  black,  the  small  middle  eye  is 
on  a  black  spot,  thus  offering  a  striking  contrast  to  the  light  yellow 
of  the  cephalothorax;  there  is  a  brown  spot  just  above  the  anterior 
middle  eyes;  the  abdomen  is  light  yellow  with  three  longitudinal 
white  bands,  the  middle  band  often  less  distinct,  and  many  black 
dots.  The  legs,  palpi,  falces  and  clypeus  are  yellow,  the  sternum, 
coxae  and  venter  pale  brown,  the  venter  having  a  line  of  white  hairs 
on  each  side. 

Habitat:  California,  Florida,  Texas,  Georgia  (Gentry  collection),  Mexico, 
Guatemala,  New  Grenada  (in  collection  of  Ck)unt  Keyserling),  Brar 
zil. 
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PLEXIPPUS  PUTNAMII    Peckham. 
Plate  III,  figure  24. 

Syn.:  1883.  Avrus  putnamii  P.,  Descriptions  of  new  or  little  known  At- 
tidse,  p.  1. 

6  .    Total  length  9  mm.     Width  of  abdomen  2.6  mm. 

Cephalothorax:    length  4.5;  width  3.3;  height  2.3. 

Cephalothorax  high,  convex,  widest  just  behind  dorsal  eyes;  cephalic  a 
little  shorter  than  thoracic  part;  rounded  on  the  sides  and  slanting 
abruptly  behind.  Ocular  area  nearly  twice  as  wide  as  long;  wider 
behind  than  m  front;  anterior  row  of  eyes  a  little  curved;  lateral  i 
as  large  as  middle  eyes,  and  separated  from  them  by  f  their  own  di- 
ameter, while  the  middle  eyes  are  slightly  separated  from  each  other; 
eyes  of  the  second  row  a  very  little  nearer  the  lateral  than  the  dorsal 
eyes;  dorsal  nearly  as  large  as  lateral  eyes,  further  from  each  other 
than  from  the  lateral  borders,  forming  a  row  which  is  a  little  nar- 
rower than  the  cephalothorax  at  that  place.  ClypeuB  ^  as  high  as 
middle  eyes.  Falces  extending  in  width  to  inner  edges  of  lateral 
eyes,  square,  H  times  as  long  as  the  face,  vertical,  parallel;  fang 
small.  MaxillaB  parallel,  truncated  at  tip,  cut  obliquely  on  the  inner 
edges;  labium  |  as  long  as  maxillae,  as  wide  as  long,  {tinted.  Ster- 
num very  deep-set,  oval,  projecting  between  the  anterior  coxae, 
which  are  separated  by  less  than  the  width  of  the  labium.  Relative 
length  of  legs  4,  8,  1,  2;  first  and  second  pairs  stoutest.  Femur  of 
the  first  rather  short,  narrow  at  the  ends,  and  much  enlarged  below, 
in  the  middle.  All  the  legs  have  femoi-al,  tibial  and  metatarsal 
spines,  and  there  are  patellary  spines  on  the  tlurd  and  fourth;  met- 
atarsi of  the  fourth  spined  throughout  their  length. 

Coloration:  Cephalothorax  reddish  brown;  there  is  a  large  white  spot  just 
behind  the  dorsal  eyes,  and  a  short  white  band  on  each  side  of 
the  eye-region  extending  from  the  smaller  median  to  the  dorsal  eyes; 
just  back  of  the  small  median  eye  is  a  tuft  of  black  hairs;  there  are 
thick,  light  brownish  hairs  above  the  anterior  row  of  eyes.  Abdo- 
men light  reddish  brown,  encircled  by  a  white  band;  near  the  apex 
two  short,  transverse,  parallel,  white  bars,  on  each  side,  extend  from 
the  encircling  band  toward  the  middle  of  the  abdomen;  at  about 
the  middle  point  of  the  dorsum  is  a  large  white  spot,  and  near  the 
base  are  two  small,  indistinct,  white  spots  formed  by  a  few  white 
hairs.  Clypeils  covered  with  short  red  and  long  white  hairs.  Palpus 
brownish,  with  black  and  white  hairs.  Mouthparts,  sternum  and 
coxsB  dark  brown,  sternum  and  coxae  covered  with  white  hairs.  Ven- 
ter covered  with  whitish  hairs,  with  a  central,  longitudinal,  darker 
band.     Legs  brownish  red  with  many  long  white  liairs. 

Habitat:  Iowa. 
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except  a  white  line  just  under  the  eyes,  and  a  fringe  of  white  hairs. 
Abdomen  with  a  narrow  central  longitudinal  brown  band,  on  either 
side  of  which  the  dorsum  is  black;  in  the  center  of  the  dorsum  are 
two  transverse  white  bars  or  large  spots,  one  on  each  side,  in  front  of 
which  are  one  or  two  dots  on  each  side,  while  beliind  them,  in  the 
middle  line  are  two  indistinct  light  dots,  one  behind  the  other;  just 
above  the  apex  are  two  white  bars  corresponding  to  the  middle  bars 
but  narrower;  the  lower  sides  are  Ught  brown  or  gray,  and  the  base  is 
sometimes  whitish.  Falces,  mouthparts  and  coxae  dark  brown. 
Sternum  black.  Venter  gray  with  two  longitudinal  brown  bands. 
Palpi  and  legs  dark  brown.  9  .  Cephalothorax  gray  with  a  white 
cross  behind  dorsal  eyes  and  a  white  band  low  on  each  side.  Clypeus 
covered  with  white  hairs.  Abdomen  gray  at  base,  white  at  apex; 
near  the  base  and  close  together  are  two  large  black  spots,  in  the  mid- 
dle of  each  of  which  is  a  white  dot;  continuous  with  these  spots  are 
two  narrow  black  bands,  which  curve  outward  and  then  inward,  en- 
larging into  two  posterior  spots,  which  are  joined  in  the  middle  by  a 
short  black  band  which  curves  forward;  the  central  region  thus  en- 
closed is  white  with  a  dark  spot  in  the  middle;  behind,  in  the  middle 
line  and  decreasing  in  size  as  they  approach  the  apex,  are  several  short 
transverse  black  bands.  Tliese  markings  are  somewhat  variable  but 
the  species  is  easily  distinguished.  Palpus  pale  with  white  hairs. 
Legs  hght  brown  with  dark  rings.  Otherwise  like  $  . 
Habitat:    Wisconsin,  Michigan. 


ATTUS  IMPERIALIS    Nov.  Sp. 

Plate  III,  figures  31,  81a. 

6  .    Total  length  4  mm.    Width  of  abdomen  2  ram. 

Cephalothorax:  length  2;  width  1.7;  height  1.2. 

Legs  4.8,  3.1,  2.8,  4.2;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of 
the  third,  9;  patella  and  tibia  of  the  fourth,  1.6;  metatarsus  and  tarsus 
of  the  fourth,  1.3. 

Cephalothorax  moderately  high,  slightly  convex,  a  little  dilated  beliind 
dorsal  eyes,  with  sides  nearly  vertical;  cephalic  part  slightly  inclined; 
thoracic  part  slanting  gradually  in  the  first  two-thirds,  then  ab- 
ruptly. Ocular  area  occupying  a  Httle  less  than  one-half  cephalo- 
thorax, one-third  wider  than  long,  wider  beliiud  than  in  front.  First 
row  of  eyes  very  shghtly  curved;  middle  eyes  sub-touching;  lateral 
rather  more  than  one-half  as  large  as  middle  eyes,  separated  from 
them  by  two-thirds  their  own  diameter;  eyes  of  second  row  very 
slightly  nearer  lateral  than  dorsal  eyes;  dorsal  as  large  as  lateral 
eyes,  further  from  each  other  than  from  lateral  borders,  forming  a 
row  as  wide  as  the  cephalothorax  at  that  place.    Clypeus  one-fourth 
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as  high  as  middle  eyes,  vertical;  falces  extending  to  inner  edges  of 
lateral  eyes,  as  long  as  face,  vertical,  divergent;  fang  short,  rather 
stout.  Maxillae  parallel,  enlarged  and  truncated  at  extremity,  with 
projection  on  outer  comer.  Labium  scarcely  one-half  as  long  as 
maxillae,  but  little  longer  than  wide,  contracted  at  tip.  Sternum  less 
than  one-half  longer  than  wide,  truncated  in  front,  narrow  behind. 
Anterior  coxae  separated  by  more  than  width  of  labium.  Legs,  first 
and  second  stoutest,  with  femoral  joints  enlarge<l  and  compressed. 
Femoral,  tibial  and  metatarsal  si)ines  on  the  four  pairs;  femoral 
spines  weak;  tibial  and  metatarsal  spines  of  the  first  and  second  in  two 
inferior  rows,  on  tha  third  and  fourth  very  weak;  on  the  metatarsi 
irregularly  on  the  body  of  the  articulation  as  well  as  in  terminal 
circles. 

Coloration:  Cephalothorax  dark  reddish  brown  with  a  white  band  on  each 
upper  side,  and,  on  the  face,  two  snowy  white  bands  which  begin  on 
each  side  between  the  middle  and  lateral  eye  and  extend  obUquely 
downward  and  backward  to  the  cephalic  margin.  Parallel  with 
these  are  two  equally  wide  and  white  bands  which  cover  the  anterior 
faces  of  the  falces.  These  bands  make  the  appearance  of  the  spider 
from  in  front  very  striking  and  characteristic.  Abdomen  reddish 
brown  in  the  middle,  with  a  longitudinal  black  band  on  each  side; 
on  each  of  these  bands,  near  the  apex,  is  a  white  dot,  and  below,  the 
sides  and  base  are  encircled  by  a  white  band.  Palpus  brown  with  a 
ring  of  white  hairs  at  the  distal  end  of  the  femur.  Mouthparts,  ster- 
num and  venter  dark  brown.  Coxae  light  brown.  Legs  dark  brown 
with  femoral  joints  nearly  black. 

Habitat:    California. 

ICIUS  LINEATUS     C.  K. 
Plate  I,  figure  32.    Plate  lU,  fijfui-es  Z2,  32  a.,  33  b. 

Syn:    1848.    M-EVIA  lineata  C.  K.,  Die  Araclm.,  XIV,  p.  77. 

1883.    Attus  quadnlineatus  Peckham,  Descr.  new  or  httle  known 

Attida;  of  U.  S. ,  p.  19. 

9  ,    Total  length  5.3  mm.    Width  of  abdomen  2  mm. 

Cephalothorax:  length  2;  width  1.5;  height  8. 

Legs  3.4,  2.4,  2.2,  3.9;  patella  and  tibia  of  the  first,  1.6;  patella  and  tibia  of 
the  third,  8;  patellia  and  tibia  of  the  fourth,  1.5;  metatarsus  and  tar- 
sus of  the  fourth,  1.2. 

Cephalothorax  low,  flat,  a  very  little  dilated  behind  dorsal  eyes,  with  sides 
nearly  vertical  in  front,  rounded  behind;  cephalic  part  inclined; 
thoracic  part  falling  slightly  in  first  half,  then  more  steeply.  Ocular 
area  occupying  two-fifths  of  cephalothorax,  one-fourth  wider  than 
long,  very  slightly  wider  behind.  First  eyes  sub-touching,  in  a  straight 
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row,  all  small,  projecting,  lateral  about  one-half  as  large  as  middle 
eyes;  eyes  of  second  row  a  little  nearer  the  dorsal  than  the  lateral  eyes; 
dorsal  a  little  smaller  than  lateral  eyes,  further  from  each  other  than 
from  lateral  borders,  in  a  row  as  wide  as  the  cephalothorax  at  that 
place.  Clypeus  one-fourth  as  high  as  middle  eyes,  vertical.  Falces  but 
little  wider  than  the  two  middle  eyes,  a  little  longer  than  the  face, 
vertical,  parallel;  fang  very  weak,  maxillaa  parallel,  a  little  enlarged 
and  blunt  at  extremity.    Labium  one-third  as  long  as  maxillae,  as 
wide  as  long,  truncated.    Sternum  pointed  in  front  and  behind, 
nearly  as  wide  as  long.    Anterior  coxae  separated  by  a  little  less  than 
width  of  labium.    Legs  of  the  first  pair  stoutest;  femoral,  tibial  and 
metatarsal  spines  on  the  four  pairs,  metatarsi  of  the  third  and  fourth 
with  only  terminal  circles. 

Coloration:  Eye  region  black  covered  with  yellowish  hair,  thoracic  region 
testaceous  with  sparse  yellow  hair,  lower  margin  black;  abdomen 
(dry)  blackish,  with  some  yellow  hairs;  four  slender  lines  of  white 
hairs  begin  at  the  base;  the  two  middle  lines  start  from  the  same 
point;  and  separating  a  little  pass  out  on  each  side  of  the  middle  to 
the  spinnerets;  the  lateral  lines  extend  along  the  sides  from  base  to 
apex,  and  are  not  visible  from  above.  Clypeus  covered  with  white 
hairs;  falces,  mouthparts,  sternum  and  coxae  all  brown;  palpi  pale; 
legs  brown,  first  pair  darkest  with  black  liairs;  venter  pale  with  ir- 
regular, dark,  longitudinal  lines. 

Habitat:    Pennnsylvania,  Wisconsin,  Georgia  (Gentry  Coll). 


ICIUS  PALMARUM    Hentz. 
Plate  I,  figure  31.    Plate  UI,  figures  83,  33a. 

Syni,:    1832.     Epiblemum  palmarum  H.,  Am.  Jour.  Sci.  and  Arts,  art.  21, 

p.  108. 
1845.  **  "         id..  Journal  Bost.   Soc.  Nat.  Hist, 

vol.  V. 
1875.  ''  *'  id.,  CoU.   Arachn.  Writ,  by  N.    M, 

Hintz,  ed.  by  Burgess,  Bost. ,  p.71. 
1883.  **  **  Peckham,      Descr.    new    or    little 

known  Attidae  of  U.  S.,  p.  28. 

6  .     Total  length  5.5  mm.     Width  of  abdomen  1.1  mm. 
Cephalothorax:  length  2.1;  width  1.8;  height  1. 
Legs  6.1,  4.2,  3.5,  4.2;  patella  and  tibia  of  the  first,  2.9;  patella  and  tibia  of 

the  third,  1.4;  patella  and  tibia  of  the  fourth,  1.7;  metatarsus  and 

tarsus  of  the  fourth,  1.2. 
9  .    Total  length  1.6  mm.    Width  of  abdomen  1.2  mm. 
Cephalothorax:  length  1.6;  width  1.4;  height  8. 
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Legs  4.5,  2.7,  2.8,  8.5;  patella  and  tibia  of  the  first,  1.5;  patella  and  tibia  of 
the  third,  1;  patella  and  tibia  of  the  fourth,  1.3;  metatarsus  and  tar- 
sus of  the  fourth,  1. 

Gephalothorax  moderately  high,  neai-ly  plane,  a  very  little  dilated  behind 
dorsal  eyes,  with  sides  nearly  vertical  in  front  and  rounded  behind; 
cephalic  part  very  slightly  inclined;  thoracic  part  with  the  first  half 
falling  gradually  and  the  second  steeply.  Ocular  area  occupying  (  ^ ) 
two  fifths,  (?)  less  than  two-fiftlis  of  cephalothorax,  one-third  wider 
than  long,  wider  behind  than  in  front.  First  row  of  eyes  straight; 
middle  eyes  sub-touching;  lateral  one-half  as  large  as  middle  eyes,  and 
a  little  separated  from  them;  eyes  of  second  row  a  little  nearer  lateral 
than  dorsal  eyes;  dorsal  a  Uttle  smaller  than  lateral  eyes,  further 
from  each  other  than  from  lateral  border,  forming  a  row  which  is 
narrower  than  the  cephalothorax  at  that  place.  Clypeus  a  little  more 
than  one-fourth  as  high  as  middle  eyes.  Falces  compressed,  parallel, 
extending  to  inner  edges  of  lateral  eyes,  ( 6 )  three  times  as  long  as 
face,  horizontal,  (?)  as  long  as  face,  vertical;  fang  ( <$ )  as  long  as 
falx,  (?)  short.  MaxillsB  long,  enlarged  at  extremity,  ( S )  with  pro- 
jection at  outer  comer,  and  excavated  for  labium;  ( ? )  rounded,  not 
excavated.  Labium  two-thirds  as  long  as  maxillie,  nearly  twice  as 
long  as  wide,  contracted  and  rounded  at  tip.  Sternum  oval,  one-half 
longer  than  wide,  scarcely  projecting  between  anterior  coxae.  Ante- 
rior coxae  separated  by  scarcely  the  width  of  the  labium.  Legs  of  the 
first  pair  much  the  longest  and  stoutest,  especially  in  s  ,  with  femoral 
joints  enlarged  and  compressed  in  both  sexes;  femoral,  tibial  and 
metatarsal  spines  on  the  four  pairs,  on  metatarsi  of  the  third  and 
fourth,  only  in  terminal  circles. 

Coloration:  6 .  Cephalothorax  bronze-brown,  with  short  golden  down, 
lighter  in  eye  region;  lower  margin  black;  a  wide  white  band  passes 
aroimd  the  clypeus  and  upper  sides,  just  below  the  eyes,  and  just  be- 
hind the  dorsal  eye,  on  each  side,  curves  upward  over  the  thorax, 
ending  near  the  posterior  margin;  the  eyes  are  surrounded  with 
bright  red  hair.  Abdomen  bronze-brown,  covered  with  golden  down; 
there  are  white  bands  on  the  sides  from  base  to  apex,  which  do  not 
meet  at  base,  where  there  is  a  tuft  of  black  hairs.  Clypeus  covered 
with  long,  snowy  white  hairs;  falces  dark  rufus,  with  lines  of  white 
hairs  on  their  outer  edges;  mouthparts  almost  black;  sternum  rufus; 
palpi  and  legs  of  the  first  pair  (including  coxae)  dark  rufus;  legs  of  the 
second,  third  and  fourth  (including  coxae),  pale,  tipped  with  black. 
Venter,  rufus,  edged  with  white.  ?  .  Cephalothorax,  rufus,  covered 
with  white  hairs,  with  lower  margin  black;  there  are  two  dark 
spots  in  the  eye  region,  behind  the  middle  anterior  eyes,  and  some 
long  black  hairs  outside  the  lateral  eyes.  Abdomen  pale,  covered 
with  white  hairs,  and  having  a  tuft  of  white  hairs  at  base;  there  is  a 
central,  longitudinal,  branching,  rufus  band,  made  up  of  many  dots, 
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spots  and  lines,  which  is  indistinctly  visible  through  the  white  hairs. 
Clypeus  with  white  hairs;  falces,  dark  rufus;  palpus,  pale  with  three 
rufus  bars,  mouthparts  very  dark,  sternum  and  coxce,  light  rufus; 
legs  of  the  first  pair  light  rufus,  the  others  pale,  tipped  with  black. 
Venter  covered  with  wliite  hairs. 
Habitat:    New  York,  North  Carolina,  South  Carolina,  Alabama,  Florida. 


ICIUS  MITRATUS    Hentz. 

Plate  I,  figure  a*.    Plate  HI,  figure  a4a.    Plate  IV,  figure  M. 

Syn,:  1845.    Attus  viitratus  ( .5 )  H.,  Journal  Bost.  Soc.  Nat.  Hist.,  Vol.  V. 
1845.        *'        mon'gerus  ( i* )  id.,  ibid. 
?  1848.    U^yj A  pallida,  C.  K.,  Die  Arachn,  XIV,  p.  79. 
1875.    Attus  mitratus  H.,  Coll.  Arachn.    Writings  by  N.  M.  Hentz 

ed.  by  Burgess,  Boston,  p.  68. 
1875.        **        morigerus  id. y  ibid.,  p.  69. 

6  .     Total  length  4.7  mm.     Width  of  abdomen  1  nmi. 

Cephalothorax:  length  1.9;  width  1.3;  height  .7. 

Legs  5.6,  3.5,  3.2,  4;  patella  and  tibia  of  the  first,  2.2;  patella  and  tibia  of 
the  third,  1.2;  patella  and  tibia  of  the  fourth,  1.6;  metatarsus  and 
tarsus  of  the  fourth,  1.6. 

9  .     Total  length  5  mm.     Width  of  abdomen  1.5  mm. 

Cephalothorax:  length  2;  width  1.4;  height  .8. 

Legs  3.2,  3,  2.2,  3;  patella  and  tibia  of  the  fii*st,  1.5;  patella  and  tibia  of  the 
third,  .9;  patella  and  tibia  of  the  fourth,  1.4;  metatarsus  and  tarsus 
of  the  fourth,  1.4. 

Cephalothorax  rather  low,  slightly  convex,  a  little  dilated  behind  dorsal 
eyes,  with  sides  nearly  vertical  in  front,  and  rounded  behind;  cephalic 
part  inclined;  thoracic  part  falling  gradually  in  the  first  half, 
then  steeply.  Ocular  area  occupying  about  two-fifths  of  cephalo- 
thorax, one-third  wider  than  long,  slightly  wider  behind  than  in 
front.  First  row  of  eyes  straight;  middle  eyes  sub-touching;  lateral 
about  one-half  as  large  as  middle  eyes,  separated  from  them  by  one- 
fourth  their  own  diameter;  eyes  of  second  row  half  way  between 
lateral  and  dorsal  eyes;  dorsal  not  quite  so  large  as  lateral  eyes,  fur- 
ther from  each  other  than  from  lateral  borders,  forming  a  row 
slightly  narrower  than  the  cephalothorax  at  that  place.  Clypeus  ver- 
tical, one-half  as  high  as  middle  eyes.  Falces  a  Uttle  wider  than 
middle  eyes,  slightly  longer  tlian  face,  parallel,  vertical;  fang  smalL 
MaxilldB  long,  rounded  and  a  little  enlarged  at  the  extremity;  labiiun 
twice  as  long  as  wide,  two  thirds  as  long  as  maxillsB.a  httle  rounded 
at  tip,  mouthparts  longer  and  narrower  in  $  than  in  $ .  Sternum 
contracted  in  front,  rounded  behind,  ( $ )  nearly  twice  as  long  as  wide 
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(?)  one-half  longer  than  wide.  Anterior  coxae  separated  (6)  hj 
width  of  labium,  (?)  by  scarcely  so  much.  Legs  of  the  first  pair 
stoutest,  ^d  in  s  very  long.  Femoral,  tibial  and  metatarsal  spines 
on  the  four  pairs,  on  metatarsi  of  the  third  and  fourth  only  in  ter- 
minal circles. 

Coloration:  Cephalothorax  reddish,  covered  with  silvery  down;  eyes  on 
black  spots,  a  black  line  around  margin,  and  (?)  two  or  three  stout 
black  hairs  on  each  side  below  the  eyes  of  the  second  row.  Abdomen 
{$)  covered  with  white  down  with  an  encircling  white  band,  and 
three,  short,  transverse  dark  bars  on  the  dorsum;  ( ? )  covered  with 
down  as  in  ($ ,  with  three  pairs  of  dark  spots.  Clypeus  covered  with 
white  hairs  which  extend  downward  over  the  reddish  f alces.  Mouth- 
parts  and  sternum  reddish  brown.  Coxae  pale;  palpi  and  legs  pale 
tipped  with  black.    Venter  covered  with  silvery  down. 

Habitat:  Wisconsin,*  Pennsylvania,  North  Carolina,  Alabama,  Georgia, 
Florida. 

ICIUS  PIRATICTFS    Nov.  Sp. 

Plate  I,  figure  85.    Plate  IV,  figures  35,  85a. 

6  .     Total  length  7  mm.     Width  of  abdofnen  2.2  mm. 

Cephalothorax:  length  3.9;  width  2;  height  1.3. 

Legs  5.9,  3.5,  4.9,  5.2;  patella  and  tibia  of  the  first,  2.5;  patella  and  tibia  of 
the  third,  1.8;  patella  and  tibia  of  the  fourth,  1.8;  metatai-sus  and 
tarsus  of  the  fourth,  1.6. 

Cephalothorax  low,  flat,  narrow  in  front,  dilated  behind  dorsal  eyes,  with 
sides  nearly  vertical  in  front  and  rounded  Ix'hind;  cephalic  part  plane, 
slightly  inclined;  thoracic  falling  a  very  little  in  the  first  half,  then 
more  steeply.  First  row  of  eyes  straight;  middle  eyes  touching,  lat- 
eral sub-touching,  one-half  as  large,  and  placed  plainly  further  back; 
eyes  of  second  row  a  little  nearer  lateral  than  dorsal  eyes,  and  very 
small;  doi*sal  a  little  smaller  than  lateral  eyes,  further  from  each 
other  than  from  lateral  borders,  forming  a  row  as  wide'  as  cephalo- 
thorax at  that  place.  Whole  ocular  area  occupying  a  little  more 
than  one-tliird  of  cephalothorax,  one-third  wider  than  long,  wider 
behind  than  in  front.  Clypeus  inclined  backward,  one-half  as  high 
as  middle  eyes.  Falces  but  Httle  wider  than  the  two  middle  eyes, 
one-fourth  longer  than  face,  vertical,  parallel;  fang  very  weak.  Max- 
illae long,  parallel,  a  little  enlarged  and  rounded  at  extremity.  La- 
bium two-thirds  as  long  as  maxillae,  twice  as  long  as  wdde.  Sternum 
not  projecting  between  anterior  coxae,  a  little  longer  than  wide, 
rounded.  Anterior  coxae  square,  nearly  touching.  First  leg  with 
femur  and  tibia  exceedingly  stout,  and  metatarsus  and  tarsus  very 

short;  the  other  legs  weak.     Spinal  armature  as  follows:    Tibia  of  the 
D 
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first,  one  short  inferior  spine;  metatarsus  of  the  first,  two  stout  in- 
ferior spines;  metatarsus  of  the  second,  two  inferior  not  very  stout 
spines;  metatarsi  of  the  third  and  fourth  with  only  terminal  circles. 

Coloration:  Cephalothorax  with  the  entire  upper  surface  covered  with 
short  white  hairs,  black  on  the  sides,  and  white  on  the  lower  border; 
anterior  middle  eyes  surrounded  by  reddish  rings.  Clypeus  covered 
with  short  white  and  reddish  hairs.  Abdomen  black  with  a  wide 
central  longitudinal  white  band,  and  the  lower  sides  white.  Falces 
black,  with  some  short  white  hairs.  Mouthparts  black.  Ck>xsB 
brown.  Stemimi  black  with  wliite  hairs.  Venter  covered  with 
white  hairs.  Palpi  brown  with  white  hairs.  Legs  of  the  first  pair 
black,  and  of  the  second,  third  and  fourth,  brown,  all  with  white  hairs 
which  form  heavy  fringes  on  the  undersides  of  the  first  legs. 

Habitat:    Texas. 

ICIUS  ALBOVITTATUS     Keyserlino. 

Plate  1,  figure  35a.    Plate  4,  figure  85d. 

Syn,:    1885.    Wala  albovittata  Keys.,   Neue  Spinnen  aus  Amerika.  VI, 

Verhandl.  zool.  hot.  gesel.  in  Wien,  p.  81  (517). 

S .    Total  length  5.2  mm.    Width  of  abdomen  1.3  mm. 

Cephalothorax:  length  1.9;  width  1.7. 

Legs  6.4,  3.7,  3.5,  4.1;  patella  and  tibia  of  the  first,  2.7;  patella  and  tibia  of 
the  third,  1.3;  patella  and  tibia  of  the  fourth  1.6;  metatarsus  and 
tarsus  of  the  fourth,  1.3. 

Cephalothorax  low  and  flat,  plainly  wider  in  the  middle,  with  rounded 
sides;  cephalic  part  incUned  forward.  Quadrangle  of  eyes  occupy- 
ing almost  one-half  of  the  cephalothorax,  a  little  more  than  one-third 
wider  than  long,  wider  behind  than  in  front.  First  row  of  eyes  a 
Httle  bent.  Middle  eyes  nearly  touching;  lateral  one-half  as  lai^ 
and  separated  from  them  by  one-third  their  own  diameter.  Second 
row  of  eyes  plainly  nearer  the  first  than  the  third  row.  Dorsal  eyes 
as  large  as  the  lateral,  further  from  each  other  than  from  the  lateral 
borders,  forming  a  row  not  quite  so  wide  as  cephalothorax  at  that 
place.  Clypeus  extremely  low.  Falces  nearly  as  wide  as  first  row 
of  eyes,  compressed  from  before  beliind,  wider  in  middle  than  at 
base  or  extremity,  a  little  inclined  forward,  diverging  at  the  extrem- 
ities; fang  two-thirds  as  long  as  falx.  MaxillaB  sUghtly  diverging, 
rather  long,  enlarged  and  truncated  at  extremity.  Labium  two- 
thirds  as  long  as  maxillae,  longer  than  wide,  a  little  widest  in  middle, 
truncated.  Sternum  roimded,  nearly  as  wide  as  long,  projecting  a 
very  Httle  between  anterior  coxae.  Anterior  coxaB  separated  by  less 
than  width  of  labium.  First  legs  much  the  longest  and  stoutest. 
Femoral  and  metatarsal  spines  on  the  four  pairs,  only  in  terminal 
circles  on  the  third  and  fourth;  tibial  spines  on  the  first  and  second. 
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Coloration:  Cephalothorax  red-broAvn  covered  above  and  on  the  upper 
sides  with  white  hairs;  lower  sides  brown;  eyes  and  lower  margin 
black;  clypeus  white;  looked  at  from  in  front  a  dark  line  extends 
from  each  middle  and  from  each  lateral  eye,  backward  and  down- 
ward to  the  margin.  Abdomen  bronze  brown  encircled  by  a  white 
band,  below  which  is  a  dark  brown  band;  lower  sides  brown:  falces, 
mouthparts,  sternum,  coxae  and  legs  of  first  pair  dark  red-brown, 
excepting  the  proximal  end  of  the  metatarsus,  and  the  tarsus  which 
are  yellow.  The  other  coxae  and  legs  yellow  tipped  with  black. 
Venter  yellowish  brown. 

Habitat:    North  America. 


PSEUDICIUS  HARFORDII    Nov.  Sp. 
Plate  I,  figures  86,  SGa.    Plate  III,  figure  36.    Plate  IV,  figiu^  36a. 

4 .    Total  length  6.3  mm.     Width  of  abdomen  2.1  mm. 

Cephalothorax:  length  3;  width  2.4;  height  2. 

Legs  6.1,  5.6,  5.3,  5.9;  patella  and  tibia  of  tUe  first,  2.6;  patella  and  tibia  of 
the  third,  2.2;  patella  and  tibia  of  the  fourth,  2.5;  metatarsus  and 
tarsus  of  the  fourth,  1.6. 

9 ,    Total  length  6.9  mm.    Width  of  abdomen  2.7  mm. 

Cephalothorax:  length  3;  width  2.4;  height  1.7. 

Legs  5.4,  7,  4.8,  5.6;  patella  and  tibia  of  the  first,  2.4;  patella  and  tibia  of 
the  third,  2.2;  patella  and  tibia  of  the  fourth,  2.2;  metatarsus  and 
tarsus  of  the  fourth,  1.8. 

Cephalothorax  moderately  high,  slightly  convex,  a  little  dilated  in  the  mid- 
dle, sides  vertical  in  front,  rounded  behind;  cephalic  part  inclined. 
Ocular  area  occupying  two-fifths  of  the  cephalothorax,  one-fourth 
wider  than  long,  equally  wide  in  front  and  behind.  Anterior  eyes 
all  small,  in  a  straight  row;  middle  eyes  sub-touching;  lateral  one- 
half  as  large  as  middle  eyes  and  scarcely  separated  from  them;  eyes 
of  second  row  nearer  lateral  than  dorsal  eyes;  dorsal  as  large  as 
lateral  eyes,  further  from  each  other  than  from  lateral  borders,  form- 
ing a  row  not  so  wide  as  the  cephalothorax  at  that  place.  Clypeus  one- 
fourth  as  high  as  middle  eyes,  vertical.  Falces  wider  than  the  two 
middle  eyes,  a  little  longer  than  the  face,  vertical,  parallel;  fang  one- 
half  as  long  as  falx.  Maxillae  narrow  at  base,  enlarged  at  ex- 
tremity, ( (5 )  with  point  at  outer  comer,  (?)  rounded,  parallel. 
Labium  oval  ( ^ )  one-half  (?)  nearly  two-thirds  as  long  as  maxillae. 
Sternum  contracted  in  front,  one-third  longer  than  wide.  Anterior 
coxae  separated  ( ^ )  by  more,  (?)  by  less  than  width  of  labiiun. 
Legs  of  the  first  and  second  pairs  stoutest;  femoral,  tibial  and  metatar- 
sal spines  on  the  four  pairs;  stout  and  regular  in  two  rows  on  tibiae 
and  metatarsi  of  the  first  and  second,  less  stout  and  regular  on  third 
and  fourth;    metatarsi  of  the  fourth  spined  tliroughout  their  length. 
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Coloration,  t .  Gophalothorax  light  brow^;  a  band  of  white  hairs  comes 
up  from  between  the  middle  anterior  eyes  and  joins  a  white  spot 
wliich  is  found  on  the  ix)sterior  cephalic  imrt;  on  each  upper  side  is 
a  wide  band  of  white  hairs  which  extends  from  the  anterior  lateral 
eye,  surrounding  the  dorsal  eye,  to  the  posterior  margin;  there  is  a 
white  line  aroimd  the  lower  margin;  the  entire  face  is  covered  "with 
thick  snowy  white  hairs,  which  grow  from  the  sides  toward  the  mid- 
dle, surrounding  the  anterior  eyes  and  growing  downward  on  to  the 
upper  part  of  the  falces;  just  behind  and  below  the  anterior  lateral 
eyes  are  some  small  scattering  tufts  of  black  hairs.  Abdomen  light 
golden  brown,  encircled  by  a  wide  band  of  white  hairs.  Falces  (ex- 
cepting the  white  hairs  at  the  upper  edge)  and  mouthparts  dark  red- 
dish brown.  Sternum,  coxa?  and  venter  Ught  brown.  Legs  all  light 
brown  excepting  the  last  three  joints  of  the  first  pair  which  are  dark 
reddish  brown;  all  the  legs  tipped  with  black.  ? .  Cephalo- 
thorax  light  brown  covered  with  short  white  hairs,  which  are  easily 
rubbed  off,  but  usuaUy  show  a  white  band  coming  up  from  between  the 
middle  anterior  eyes.  Abdomen  covered  with  gray  hairs  and  fine 
red  dots.  Venter  covered  with  gray  hairs.  Mouthparts  pale.  L^s 
pale  (excepting  first  pair  which  is  light  brown)  all  tipped  with  black. 
Face  and  other  parts  as  in  male.  In  some  cases  the  male  retains  the 
coloration  of  the  female. 

This  species  bears  a  strong  general  resemblance  to  Icius  albo-vittatus  Keys. 

Habitat:    California. 


SAD  ALA    Nov.  Gen. 

Cephalothorax  rather  low  and  nearly  flat,  contracted  slightly  in  front  and 
behind,  one-fourth  longer  than  wide,  and  a  very  little  wider  than  the 
third  row  of  eyes.  Cephalic  part  occupies  two-fifths  of  the  cephalo- 
thorax; the  thoracic  part  begins  to  slant  near  its  posterior  border,  and 
is  rounded  beliind.  Quadrangle  of  eyes  nearly  twice  as  wide  as  long, 
and  equally  wide  in  front  and  l>eliind.  First  row  of  eyes  nearly 
straight,  middle  very  nearly  touching,  and  three  times  as  large  as 
the  lateral,  from  which  they  are  just  separated.  Second  row  of  eyes 
small  and  plainly  nearer  (two-fifths)  the  anterior  lateral.  Dorsal  eyes 
as  large  as  lateral,  and  much  further  from  each  other  than  from  the 
lateral  borders.  Clypeus  very  low  (one-fifth  to  one-eighth  the  height 
of  anterior  middle  eyes).  Sternum  oval,  a  Httle  longer  than  wide, 
projecting  between  the  coxae  of  the  first  pair,  which  are  separated  by 
the  width  of  the  labium.  Labium  less  than  half  as  long  as  the  max- 
illae, and  as  wide  as  long.  Falces  short  (as  long  as  the  face)  but  little 
longer  than  wide.  Legs  1,  4,  2,  3.  First  stoutest,  second  next.  The 
patella  with  tibia  of  the  third  shorter  tlian  patella  with  tibia  of  the 
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fourth.  Metatarsus  with  tarsus  of  the  fourth  shorter  than  patella 
witli  tibia.  Femoi*al,  tibial  and  metatarsal  spines  on  the  four  pairs. 
Metatarsi  of  the  fourth  spined  to  the  base.  Abdomen  long  and 
slender. 

Sadala  is  near  Iciiis  E.  8. ,  but  differs  in  having  the  quadrangle  of  eyes 
nearly  twice  as  wide  as  long;  middle  eyes  three  times  as  large  as  the  ante- 
rior lateral;  quadrangle  of  eyes  equally  wide  in  front  and  beliind;  legs 
1,  4,  2,  3;  metatarsi  of  the  third  and  fourth  spined  throughout  their  length. 


SADALA  DISTINCTA    Nov.  Sp. 
Plate  I,  tigum  70.    Plate  VI,  figures  76,  76a. 

S  .    Total  length  5.3  mm.    Width  of  abdomen  1.1  mm. 

Cephalothorax:  length  2;  width  1.5;  height  6. 

Legs  4.6,  3.6,  3.1,  3.9;  jmtella  and  tibia  of  the  first,  2.2;  patella  and  tibia  of 
the  third,  1;  pateUa  and  tibia  of  the  fourth,  1.6;  metatarsus  and  tar- 
sus of  the  fourth,  1.2. 

Cephalothorax  not  high,  slightly  convex,  contracted  in  front  and  behind, 
with  sides  rounded,  more  widely  behind  than  in  front;  cephahc  part 
plane,  not  inclined;  thoracic  part  with  first  three-fifths  level.  Ocular 
area  occupying  two-fifths  of  cephalothorax,  one-third  wider  tlian 
long,  very  slightly  wider  in  front  than  l)ehind.  First  row  of  eyes 
nearly  straight;  middle  eyes  prominent,  touching;  lateral  only  one- 
third  as  large  as  middle  eyes,  and  slightly  separated  from  them;  eyes 
of  second  row  very  small,  a  little  nearer  lateral  than  dorsal  eyes; 
dorsal  as  large  as  lateral  eyes,  much  further  from  each  otl>er  than 
from  lateral  borders,  forming  a  row  very  nearly  as  wide  as  cephalo- 
thorax at  that  place.  Clypeus  retreating,  one-eighth  as  high  as  mid- 
dle eyes.  Falces  as  wide  as  the  two  middle  eyes,  scarcely  longer  than 
face,  length  and  width  about  equal,  parallel,  slightly  inclined  back- 
ward; fang  very  small.  Maxillae  enlarged  and  truncated  at  extrem- 
ity, parallel.  Labium  one-half  as  long  as  maxillae,  as  wide  as  long, 
rounded.  Sternum  oval,  about  twice  as  long  as  wide.  Anterior 
COX8B  separated  by  width  of  labimn.  Legs  of  the  first  pair  stoutest,, 
second  next;  these  two  pairs  with  femoral  joints  compressed;  femoral 
tibial  and  metatarsal  spines  on  the  four  pairs;  metatarsi  of  the  fourth,, 
armed  throughout  their  length.     Palpus  with  a  tibial  apophysis. 

Coloration:  Cephalothorax  clear  light-reddish  brown;  a  black  band  in- 
cludes the  first  and  second  rows  of  eyes;  the  dorsal  eyes  are  plactnl 
upon  black  spots,  and  there  are  two  dark  spots  on  the  posterior  c  »- 
phalic  part;  on  each  side  a  white  line  extends  from  the  lateral  eyes  on 
to  the  anterior  thoracic  part,  i)assing  below  the  small  median  and  the 


54  Wisconsin  Academy  of  Sciences^  Arts  and  Letters. 

dorsal  eye;  near  the  termination  of  thin  line,  at  the  jwint  at  which 
the  thoracic  part  Ix^gins  to  slant  downward,  there  arises  a  slightly 
oblique  white  line  which  passes  downward  to  the  border.  The  lower 
margin  is  dark  brown.  ClypeiLs  brown.  The  lower  anterior  face  of 
the  abdomen  is  black;  above  this  is  a  curved  white  band  which  ends, 
on  each  side,  in  an  oblique  bar.  Tlie  anterior  dorsum  is  umber 
brown;  in  front  of  the  middle  are  two  black  sjwts,  si^parated  by  a 
line  of  brown;  a  little  In^hind  these  is  one  large  black  spot  which  is 
surrounded  by  white.  There  is  a  second  i)air  of  oblique  white  bars, 
on  the  sides,  at  this  j)oint  of  the  abdomen.  The  posterior  end  of  the 
abdomen  is  white,  with  one  or  two  transverse  bands  of  light  brown. 
The  entire  dorsum  is  sparsely  covered  with  long  yello>vish  hairs. 
Falces  black.  Mouthparts,  palpi,  and  coxaB  of  the  first  and  second, 
brown;  coxae  of  the  third  and  fourth,  i>ale,  each  with  a  black  8i)ot. 
Sternum  black.  Legs  of  the  first  and  second,  dark  brown;  of  the 
third,  femur  dark  brown,  other  joints  lighter;  of  the  fourth,  light- 
brown  or  pale;  patella  and  tibia  of  the  third  and  fourth,  with  black 
lines  on  both  anterior  and  iK>sterior  faces.  Venter  black. 
Habitat:    Mexico. 


ERIS  OCTAVUS     Hentz. 

Plate  I,  fi^ire  37,  Plat<»  111,  llffiire  M7. 

Syn.:  1845.     Attus  ociavus  H.,  Journal  Bost.  Soc.  Nat.  Hist.,  Vol.  V. 

1875.    Attus  octarus  id.,  Coll.  Arachn.    AVrit.  by  N.  M.  Hentz.    Ed. 

by  Burgess,  Boston,  p.  70. 

9  .    Total  length  4.2  mm. 

Cephalothorax:  length  1.8;  width  1.5;  lieight  1. 

Legs  4.2,  3,  3,  3.9;  patella  and  tilna  of  the  first,  1.5;  patella  and  tibia  of 
the  third,  1.2;  patella  and  tibia  of  the  fourth,  1.4;  metatarsus  and 
tarsus  of  the  fourth,  1.1. 

Cephalothorax  a  little  wider  at  the  dorsal  eyes,  with  sides  nearly  vertical 
in  front,  rounded  in  the  thoracic  part,  and  truncated  behind.  Ocu- 
lar are^  one- fourth  wider  than  long,  wider  behind  than  in  front; 
anterior  row  of  eyes  straight;  lateral  more  tlian  one-half  middle 
eyes,  separated  from  them  by  one-half  their  own  diameter;  eyes  of 
second  row  half  way  between  lateral  and  -dorsal  eyes;  dorsal  eyes 
further  from  each  other  than  from  lateral  borders.  Clypeus  one-fifth 
as  high  as  middle  eyes.  Falces  extending  in  width  to  inner  edges  of 
lateral  eyes,  as  long  as  face,  parallel,  vertical.  Maxillae  rather  long, 
a  little  enlarged  and  rounded  at  tip,  i)arallel;  labium  one-half  as  long 
as  maxillje,  as  wide  as  long,  contracted  and  rounded  at  tip.  Ster- 
num one-half  longer  than  wide,  narrow  at  both  ends,  truncated  in 
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front.  Anterior  coxae  separated  by  scarcely  the  width  of  the  labium. 
First  pair  of  legs  stoutest.  Femoral,  tibial  and  metatarsal  spines  on 
the  four  pairs;  the  metatarsi  of  the  fourth  spined  throughout  their 
length. 

Coloration:  Cephalothorax  and  abdomen  light  rufus,  brown,  or  yellowish, 
covered  with  short  white  hairs;  cephalothorax  with  the  eyes  on  black 
spots;  abdomen  with  four  pairs  of  black  spots  on  the  posterior  part, 
in  two  converging  longitudial  lines;  all  the  other  parts  light  brown 
with  short  white  hairs,  the  legs  being  tipped  with  black. 

Habitat:    New  York,  Alabama,  North  Carolina,  Georgia. 


ERIS  (?)  BARBIPES    Nov.  Sp. 

Plate  IV,  figures  38,  38a. 

9  .     Total  length  6.8  mm.    Width  of  abdomen  2.7  mm. 

Cephalotliorax:  length,  2.4;  width,  1.9;  height  1.2. 

Legs  4.8,  3.6,  4.5,  5.3;  patella  and  tibia  of  the  first,  2.1;  patella  and  tibia  of 
tlie  third,  1.7;  pateUa  and  tibia  of  the  fourth,  2.3;  metatarsus  and  tar- 
sus of  the  fourth,  1.9. 

Cephalothorax  moderately  high,  slightly  convex,  very  slightly  dilated  in 
the  middle,  with  sides  nearly  vertical;  cephalic  part  a  little  inclined; 
thoracic  part  falling  gradually  in  the  first  two-thirds,  then  steeply. 
Ocular  area  occupying  one-half  cephalothorax,  one-third  wider  than 
long,  plainly  wider  behind  than  in  front.  Anterior  eyes  all  subtouch- 
ing,  in  a  straight  row;  middle  twice  as  large  as  lateral  eyes;  eyes  of 
second  row  nearly  twice  as  far  from  dorsal  as  from  lateral  eyes;  dor- 
sal as  large  as  lateral  eyes,  further  from  each  other  than  from  lateral 
borders,  forming  a  row  as  wide  as  cephalothorax  at  that  place.  Cly- 
peus  vertical,  one-fourth  as  liigh  as  middle  eyes.  Falces  nearly  as 
wide  as  first  row  of  eyes,  twice  as  long  as  face,  vertical,  parallel;  fang 
short.  MaxillaB  rather  long,  parallel,  enlarged  and  rounded  at  ex- 
tremity. Labium  more  than  one-half  as  long  as  maxillae,  twice  as 
long  as  wide,  pointed  at  tip.  Sternum  about  twice  as  long  as  wide, 
slightly  contracted  in  front  and  behind.  Anterior  coxae  separated 
by  less  than  width  of  labium.  Legs  of  the  first  pair  much  stoutest; 
tibia  especially  enlarged  with  fringe  of  hairs;  third  and  fourth  slender; 
femoral,  tibial  and  metatarsal  spines  on  the  four  pairs;  metatarsi  of 
the  fourth  spined  throughout  their  length. 

Coloration:  Cephalothorax  black,  with  cephalic  and  anterior  thoracic 
parts  covered  with  short  greenish  hairs,  and  a  white  band  around 
lower  margin.  Abdomen  black  with  white  basal  band,  covered  with 
short  scalelike  slightly  iridescent  greenish  hairs.    Clypeus,  falces. 
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mouthparts  and  sternum  black.  Coxa^  dark  browTi.  Venter  covered 
with  hairs  as  above.  Palpi  light,  covered  with  short  white  hairs. 
Legs  of  the  first  pair  black,  excepting  metatarsi  and  tarsi  which  are 
light  brown;  other  legs  brown,  hghter  toward  extremities,  with  some 
short  white  hairs. 
Habitat:    Mexico. 


ERIS  NERVOSUS    Nov.  Sp. 

Plate  I,  fljrure  39.    Plate  III,  figure  .39. 

$  .    Total  length  4  mm.    Width  of  abdomen  1.5  mm. 

Cephalothorax:  length  1.6;  width  1.4;  height  .7. 

Legs  4,  8.2,  2.9,  3.7;  patella  and  tibia  of  the  first,  1.3;  patella  and  tibia  of  the 
third,  .9;  patella  and  tibia  of  the  fourth,  1.8;  metatarsus  and  tarsus 
of  the  fourth,  1. 

Cephalothorax  not  high,  nearly  plane,  a  little  dilated  opposite  dorsal  eyes, 
with  sides  nearly  vertical  in  front,  and  somewhat  rounded  behind;  ce- 
phalic part  very  little  inclined;  thoVacic  part  sloping  from  just  behind 
dorsal  eyes.  Ocular  area  occupying  nearly  three-fifths  of  cephalo- 
thorax, one  fourth  wider  than  long,  wider  behind  than  in  front.  An- 
terior eyes  small,  in  a  straight  row,  shghtly  separated  from  each 
other;  middle  scarcely  twice  as  large  as  lateral;  eyes  of  second  tow 
twice  as  far  from  dorsal  as  from  lateral  eyes;  dorsal  as  large  as  lateral 
eyes,  f urtlier  from  each  other  than  from  lateral  borders,  forming  a 
row  as  wide  as  cephalothorax  at  that  place.  Clypeus  one-half  as  high 
as  middle  eyes,  a  little  inclined  backwards.  Falces  extending  to  in- 
ner edges  <jf  lateral  eyes,  a  little  longer  than  the  face,  nearly  square, 
parallel,  a  little  inclined  backward,  fang  weak.  Maxillaj  diverging 
a  little,  enlarged  and  rounded  at  extremity.  Labium  one-half  as  long 
as  maxillae,  a  little  longer  than  wide,  rounded.  Sternum  nearly 
round.  Anterior  coxae  separated  by  scarcely  the  width  of  the  labium. 
Legs  of  the  first  pair  stoutest,  with  femoral  joints  enlarged  and  com 
pressed,  and  patella  and  tibia  much  stouter  than  metatarsus  and  tar- 
sus; weak  femoral  spines  on  first,  second  and  third;  stout  tibial  and 
metatarsal  spines  on  the  first,  and  weak  spines  on  the  corresjwnding 
joints  of  the  second. 

Coloration:  Cephalothorax  black.  Cl>-peus  black  with  a  few  long  white 
hairs.  Abdomen  dark  reddish  brown  with  some  very  short  white 
hairs,  three  rather  indistinct,  oblique  black  bands  on  each  side  of  dor- 
sum, and  two  white  chevrons  at  apex.  Falces  and  mouthparts  dark 
brown.  Sternum  and  coxa3  light  brown.  Venter  dark  reddish  brown 
with  short  gray  hairs.  Palpi  and  legs  light  brown,  the  legs  tipped 
with  black. 

Habitat:    New  York. 


\ 


Attklie  of  North  America,  57 


HASARIUS  HOYI    Peckham. 

Plate  I,  figures  40,  40a.    Plate  TV,  figure  40,  40a. 

Syn. :    1883.    Attus  lioyi  ( ^  )  P. ,  Descrip.  of  new  or  little  kno'wn  Attidse,  p.  7. 

1883        "         pinus  (?)id.,  ibid.,  p.  20. 

6     Total  length  5.2  mm.    Width  of  abdomen  1.8  mm. 

Cephalo thorax:    length  2.3;  width  1.9;  height  1.6. 

Legs  5.2,  4,  5.2,  4.9;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of  the 
third,  1.7;  patella  and  tibia  of  the  fourth,  1.9;  metatarsus  and  tarsus 
of  the  fourth,  1.6. 

9     Total  length  5.9  mm.     Width  of  abdomen  2.2  mm. 

Cephalothorax:    length  2.5;  width  2;  height  1.7. 

Legs  4.6,  4.2,  5,  4.8;  patella  and  tibia  of  the  first,  2.2;  patella  and  tibia  of 
the  third,  1.9;  patella  and  tibia  of  the  fourth,  2.1;  metatarsus  and  tar- 
sus of  the  fourth,  1.9. 

Cephalothorax  rather  high,  plane,  slightly  dilated  behind  dorsal  eyes,  with 
sides  nearly  vertical  in  front,  rounded  behind;  cephalic  part  inclined 
(more  strongly  in  S  than  in  ? );  thoracic  part  falling  but  little 
in  'the  first  two-thirds,  then  steeply.  Ocular  area  occupying 
two-fifths  of  cephalothorax,  one-third  wider  than  long,  and  almost 
imperceptibly  wider  in  front  than  behind.  First  row  of  eyes  straight: 
middle  eyes  sub-touching;  lateral  more  than  one-half  as  large  as 
middle  eyes,  separated  from  them  by  by  one-third  their  own  diameter; 
eyes  of  second  row  half  way  between  dorsal  and  lateral  eyes;  dorsal 
a  little  smaller  than  lateral  eyes,  further  from  each  other  than  from 
lateral  borders,  forming  a  row  scarcely  narrower  than  the  cephalo- 
thorax at  that  place.  Clypeus  (s)  vertical,  one-third,  (?)  inclined, 
one-fifth  as  high  as  middle  eyes.  Falces  extending  to  the  inner  edges 
of  lateral  eyes,  but  little  longer  than  face,  vertical,  parallel;  fang 
weak.  MaxillsB  parallel,  short,  slightly  enlarged  and  rounded  at  ex- 
tremity; labium  one-half  as  long  as  maxillae,  but  little  longer  than 
wide,  a  little  contracted  and  blunt  at  tip.  Sternum  'oval,  one-half 
longer  than  wide.  Anterior  coxa3  separated  by  width  of  labium. 
Legs  of  the  first  and  second  pairs  stoutest;  third  longer  than  fourth  by 
greater  length  of  femur,  femoral,  tibial  and  metatarsal  spines  on  the 
four  pairs;  on  metatarsi  of  the  fourth  throughout  their  length. 

Coloration:  s .  Ocular  and  anterior  thoracic  region  rufus  a  Httle  mixed 
with  black;  posterior  thoracic  region  black;  a  white  band  on  each 
side,  beginning  at  or  near  the  base  passes  forward  to  the  anterior 
lateral  eyes,  and  joining  these,  a  white  band  crosses  above  the  an- 
terior eyes;  the  sides  below  the  white  bands  are  velvety  black;  the 
anterior  eyes  are  surrounded  by  hairs  which  are  white  excepting  just 
between  the  eyes,  where  they  are  red;    looked  at  from  above  this 
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gives  the  appearance  of  three  minute  red  tuft«.  Cljrpeus  black  with 
white  hairs.  *  Alxlomen  black  with  an  encircling  white  band  and  a 
central,  longitudinal,  rufus  band  which  varies  greatly  in  length  and 
breadth,  upon  which  are  some  variable  white  marks,  wliich  usually 
consist  of  two  short,  oblique  hnes  near  the  base,  a  triangle  in  the  mid- 
dle, and  a  series  of  chevrons  near  the  apex.  Falces  dark  testaceous 
with  sparse  short  white  hairs;  maxillae  and  labium  brown;  sternum 
dark  with  black  and  white  hairs;  venter  black  with  rufus  hairs, 
palpi  and  legs  barre<l  with  black  and  rufus  excepting  the  proximal 
ends  of  the  femoral  joints  which  are  pale.  ?  .  Ceplialothorax 
covered  with  brown,  black  and  rufus  hairs,  with  a  grayish  band 
behind  dorsal  eyes,  which  passes  downward  and  forward  on  the 
sides  to  the  lateral  €>yes;  clypeus  covered  with  whit^  hairs.  Ab- 
domen rufus  or  light  brown  with  a  grayish  basal  band,  behind  which 
is  a  curved  black  ])and;  there  are  several  other  curved  black  bands 
near  the  apex, and  a  central,  longitudinal  black  line.  Falces, 
mouthparts  and  sternum  brown;  palpus  pale  with  liair  which  is 
light  brown  excepting  at  the  extremity,  where  it  is  white;  legs,  first 
pair  dark;  the  others  brown  with  black  hairs. 

Habitat:    Penns^^lvania,  New  York,  Wisconsin. 
Since  describing  7io//i  and  7)i/ii«s  as  two  s^x^cies  (1883)  we  have  satisfied 

ourselves  that  pinus  is  the  female  of  hoyi. 


HABROCESTUM    (E.  Simon),  1870. 

Cephalothorax  rather  short,  one-fourth  to  one-third  longer  than  wide,  mod- 
erately high  to  very  high:  thoracic  part  often  convex,  but  slightly 
dilateil  on  the  sides,  which  are  somewhat  rounded,  only  a  third  the 
longer.  Cephalic  part  a  little  convex,  inclined,  limited  by  a  faint 
depression.  Quadrangle  of  eyes  one-third  wider  than  long,  and  equally 
wide  in  front  and  behind,  or  a  little  wider  behind.  Anterior  row  of 
eyes  rather  unequal  —  middle  al)out  twice  lateral  —  middle  but  little 
separated,  lateral  by  not  more  than  one-third  their  diameter,  forming 
a  line  straight  or  slightly  curved  upward.  Second  row  small,  and 
nearly  half  way  between  the  fii*st  and  third  rows.  Dorsal  eyes  equal 
to  or  a  little  larger  or  smaller  than  the  anterior  lateral,  forming'a  row- 
about  as  wide  as  the  cephalothorax  at  that  place,  and  almost  equally 
distant  from  each  other  and  from  the  lateral  borders.  Clypeus  varies 
from  one-half  to  two-thirds  the  large  middle  eyes.  Sternum 
one-half  longer  than  wide,  oftt>n  truncated  in  front  and  contracted 
behind,  produced  between  the  anterior  coxoe,  which  are  separated  by 
a  little  more  or  less  than  the  width  of  labium  at  its  base.  Labium 
as  wide  as  long  *  and  less  than  one-half  the  maxilla*.    Falces  weak 

>  This  is  tnie  at  least  in  the  American  species. 
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and  as  long  as  the  face.  Maxillae  enlarged  and  rounded  or  truncated 
at  extremity.  Legs  3,  4,  1,  2,  in  both  sexes.  The  posterior  pairs 
long,  both  absolutely  and  relatively.  The  first  and  second  pairs 
the  stoutest.  All  the  legs  spined.  Femur,  patella  and  tibia  of 
the  third  much  longer  than  the  same  articulations  in  the  fourth  pair. 
Tarsus  and  metatarsus  of  the  fourth  nearly  equal  to  the  patella  and 
tibia. 

This  genus  differs  from  Saitis  E.  S. —  to  which  it  is  closely  related  —  in 
having  the  quadrangle  of  the  eyes  never  wider  in  front;  usually  the 
clyi)euB  is  more  than  one-half  the  middle  eyes;  the  third  pair  of  legs 
is  longer  than  the  fourth.  In  Saitis  the  third  and  fourth  pairs  are  equal 
or  almost  equal. 


HABROCESTUM  CORONATUM    Hextz. 

Sfpi.:  1845.    Attus  corantus  //.,  Journal  Bost.  Soc.  Nat.  Hist.,  vol.  V. 

1875.    Attus  coronfi/s,  trf.,   Coll.  Arachn.  Writ,   by  N.  M.    Hentz. 
Ed.  by  Burgess,  Boston,  p.  64. 

6  ,  juv.    Total  length  5.5  mm.    Width  of  abdomen  2  mm. 

Cephalothorax:  length.' 2. 9;  width  2. 

Legs,  3.8,  2.4,5.2,4.8.  [ 

Cephalothorax  high.  Ocular  area  equally  wide  in  front  and  behind.  First 
row  of  eyes  strafght;  middle  eyes  subtouching;  lateral  a  little  more 
than  one-half  as  large  as  middle  eyes,  separated  from  them  by  one- 
fourth  of  their  oWn  diameter;  eyes  of  second  row  half  way  between 
lateral  and  dorsal  eyes;  dorsal  as  large  as  lateral  eyes.  Clypeus  two- 
thirds  as  high  as  middle  eyes,  vertical.  Anterior  coxfe  separated  by 
more  than  width  of  labium. 

Coloration:  Cephalothorax  black  with  some  white  hairs  over  the  anterior 
eyes,  and  two  curved  longitudinal  white  bands  on  the  thoracic  part. 
Clypeus  bright  red,  sometimes  covered  with  white  hairs.  Abdomen 
black,  with  three  transverse  curved  white  bands,  one  at  the  base,  the 
second  in  front  of,  and  the  third  behind  the  middle  of  the  dorsum, 
the  second  and  third  sometimes  interrupted  in  the  middle  line,  and 
having  one  or  two  white  che\Tons  between  them;  behind  the  third 
curved  band  is  a  large  central  wliite  spot,  and  on  each  side  of  the 
apex  is  a  short  longitudinal  white  band.  Falces  dark  brown.  Mouth- 
parts  pale  drab.  Sternum,  coxa?  and  venter  light  brown  with  white 
hairs.     Palpi  and  legs  brown  with  black  hairs. 

Habitat:    Pennsylvania,  Alabama,  Iowa. 
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HABROCESTUM  CCEC:ATUM    Hextz. 

Plate  I,  flijun'  42.    Plate  IV,  llj^ires  42,  -fe&i,  42b. 

Syn.:  1845.    Attus  aecofiiit  H.,  Journal  Bost.  Soc.  Nat.  Hist.,  Vol.  V. 

1875.        **  **        id.,  Coll.  Arachn.  Writ,  by  N.  M.  Hentz.    Ed* 

by  Burgess,  Boston,  p.  65. 

?  .    Total  length  4.3  mm.     Width  of  alxlomen  1.7  mm. 

Cephalothorax:  length  2;  width  1.8;  height  .9. 

Legs,  3.6,  2.9,  4.4,  4. 

Cephalothorax  moderately  high:  cephalic  part  much  inclined.  Ocular 
area  wider  behind  than  in  front.  First  row  of  eyes  straight;  middle 
eyes  sub-touching;  lateral  less  than  one-half  as  birge  as  middle  eyes, 
separated  from  them  by  one-tliird  their  own  diameter;  eyes  of  second 
row  half  way  between  lateral  and  dorsal  eyes;  dorsal  eyes  a  little 
smaller  than  lateral  eyes.  Clyixnis  retreating,  two  thirds  as  high  as 
middle  eyes.  Anterior  coxa^  sex)anited  by  fully  the  width  of  the 
labium. 

Coloration:  Cephalothorax  black,  with  gray  hairs  alK)ve  anterior  eyes. 
Clypeus  bright  red.  Abdomen  black,  more  or  less  covered  "with 
whitish  hairs,  with  a  curved  transverse  white  band,  behind  which  are 
a  white,  diamond-shaped  spot,  two  short,  longitudinal,  white  bands 
,  on  the  sides,  and  two  white  dots  near  the  apex.  Falces,  mouth- 
parts,  sternum,  coxai  and  venter  brown,  all  with  white  hairs  except- 
ing the  mouthijarts.  Femur  of  the  lirst  leg  black,  with  a  short  brush  of 
black  hairs  at  distal  end;  patelUi  and  tibia  covered  with  white  hairs; 
metatarsus  and  tarsus  brown;  other  legs  dark  brown  with  some 
white  hairs;  patella  of  the  third  with  an  elevation  on  the  upper  sur- 
face at  the  distal  end;  tibia  of  the  third  with  a  short  projection 
which  extends  over  the  metii tarsus. 
Distinguished  from  H.  cornatnin  by  the  projection  on  the  tibia  of  the  third 

leg. 

Habitat:    Pennsylvjmia,  New  York,  Alabama. 


HABROCESTUM  VIRIDIPES    Hentz. 

Plate  r,  figure  48.    Plate  IV,  fife'ures  43,  43a. 

Syn.:   1845.     Attcs  viruUpcs  H.  Jour.  Bost.  Soc.  of  Nat.  Hist.,  Vol.  V. 
1875.  -  '•  id.,  Coll.  Arachn.     Writ,  by  N.  M.  Hentz. 

Ed.  by  Burgess,  Boston,  p.  06. 
(^ .     Total  length  4.8  mm.     Width  of  alxlomen  1.8  mm. 
Cephalothorax:  length  2.3;  width  1.8;  height  1.4. 
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Legs  3.5,  3.3,  5.2,  4.6;  patella  and  tibia  of  the  first,  1.8;  patella  and  tibia  of 
third,  2;  patella  and  tibia  of  the  fourth,  1.7;  metatarsus  and  tarsus  of 
the  fourth,  1.9. 

9     Total  length  5.8  mm.    Width  of  abdomen  3  mm. 

Cephalothorax:  length  2.3:  width  2;  height  1.6. 

Legs  3.9,  3.7,  4.8,  4.2;  patella  and  tibia  of  the  first,  1.6;  patella  and  tibia  of 
the  third,  2;  patella  and  tibia  of  the  fourth,  1.8;  metatarsus  and  tar- 
sus of  the  fourth,  1.8. 

Cephalothorax  moderately  high.  Ocular  area  equally  wide  in  front  and 
behind.  First  row  straight,  all  the  eyes  sub-touching;  lateral  less 
than  one-half  as  large  as  middle  eyes;  eyes  of  second  row  half  way 
between  lateral  and  dorsal  eyes;  dorsal  as  large  as  lateral  eyes.  Cly- 
peus  nearly  two-thirds  as  high  as  middle  eyes,  vertical.  Anterior 
COX8B  separated  by  width  of  labium. 
Coloration:  Cephalothorax  black  with  two  wide  longitudinal  bands  of 
grayish  hairs  which  arise  on  the  posterior  thoracic  region  and  extend- 
ing forward,  surround  the  dorsal  eyes,  and  meet  just  in  front  of 
them,  thus  occupying  nearly  the  whole  of  the  cephalic  part.  Clyi)eus 
covered  with  white  hairs.  Abdomen  blackish  with  a  basal  band,  a 
scalloped  band  which  encircles  the  posterior  two-thirds  of  the  dor- 
sum, and  a  central  spot  of  a  yellowish  white  color.  The  spot  and  the 
inner  side  of  the  encircling  band  are  edged  with  deep  black.  The 
other  parts  are  of  a  lighter  or  darker  brown  color,  the  sternum  being 
sometimes  much  darker  than  the  coxa3. 

Habitat:    Texas,  South  Corolina. 


HABROCESTUM  PEREGRINUM    Peckham. 

Plate  I,  figure  44.    Plat^  IV,  flgrure  44,  44a,  44b. 

Synr.  1883.     Attus  peregrinum  P.,  Descr.  new  or  little  known  Attidae  of 

U.  S.,  p.  17. 

i  .    Total  length  5.3  mm.    Width  of  abdomen  1.9  ram. 

Cephalothorax:  length  2.9;  width  2;  height  1.2. 

Legs  5.3,  4.5,  6.4,  5.6;  patella  and  tibia  of  the  first,  2.6;  patella  and  tibia 
of  the  third,  2.4;  patella  and  tibia  of  the  fourth,  1.7;  metatarsus  and 
tarsus  of  the  fourth,  1.9. 

Cephalothorax  high,  especially  behind;  cephalic  part  much  inclined.  Ocu- 
lar area  a  little  wider  behind  than  in  front.  Anterior  eyes  all  small, 
in  a  straight  row;  middle  eyes  sub-touching;  lateral  a  little  more  than 
one-half  as  wide  as  middle  eyes,  separated  from  them  by  one-third 
their  own  diameter;  eyes  of  second  row  slightly  nearer  lateral  than 
dorsal  eyes;  dorsal  a  little  larger  than  lateral  eyes.    Clypeus  two-thirds 
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as  high  as  middle  eyes,  retreating.  Two  unusually  stout  spines  on  tibia 
of  the  first  pair;  patella  of  the  third  widening  toward  distal  end  where 
it  projects  over  tibia;  this  widened  portion  bears  a  short  pale  spine 
which  projects  over  tibia,  just  beliind  wliich,  on  the  anterior  face  is  a 
•  small  black  dot.    Anterior  coxce  separated  by  width  of  labium. 

Coloration:  Ground  color  of  cephalothorax  dark  brown  or  black;  upper 
surface  of  cephalic  part  covered  with  short  fawn-colored  hairs,  bor- 
dered behind  by  a  scalloped  white  band;  thorax  with  two  wide  white 
bands  which  extend  from  dorsal  eyes  to  posterior  border;  a  wide 
white  band  extends  entirely  around  the  lower  border,  and  below  this 
is  a  narrow  black  line.  Abdomen  snowy  white  on  sides  and  middle 
of  dorsum,  with  two  velvety  black  longitudinal  bands  extending 
tlu-oughout  its  lengtli.  Clypeus  covered  with  thick,  long,  white  hairs. 
Underparts  and  legs  hghter  or  darker  brown,  well  covered  with 
white  hairs. 
This  species  is  close  to  H.  Copardum  Hentz,  but  is  distinguished  troai  it 

by  the  apophysis  on  the  third  leg;  this  apophysis  and  the  spines  on  the 

tibia  of  the  first  leg  vary  considerably  in  stoutness. 

Habitat:    New  York,  Connecticut. 


HABROCESTUM  CRISTATUM     Hentz. 

Flat*}  I,  figure  45.    Plate  IV,  figure  45. 

Syn.:    1845.     Attus  cristatitm  H.,  Journal  Boat.  Soc.  Nat.  Hist.,  Vol.  V, 
1875,        *'  ''  id.,  Coll.  Arac'Jm.  Writ.  \ij  N.  M.  Hentz.    Ed . 

by  Burgess,  Boston,  p.  67. 

?  .     Total  length  6.6  mm.     Widtli  of  abdomen  2.2  mm. 

Cephalothorax:    lengtli  8.4;  width  2.4;  height  1.2. 

Legs  4.8,  4.5,  6.8,  6.1;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of 
the  third,  2.8;  patella  and  tibia  of  the  fourth,  2.2;  metatarsus  and 
tarsus  of  the  fourth,  2.2. 

Cephalothorax  moderately  high.  Ocular  area  wider  behind  than  in  front. 
First  row  of  eyes  slightly  covered;  middle  eyes  sub-toucliing;  lateral 
a  little  less  than  one-half  as  large  as  middle  eyes,  separated  from 
them  bv  one- third  their  own  diameter;  eves  of  second  row  a  Uttle 
nearer  dorsal  than  lateral  eyes;  dorsal  as  large  as  lateral  eyes.  Cly- 
peus nearly  two-thirds  as  high  as  middle  eyes,  retreating.  Anterior 
coxae  separated  by  less  than  width  of  labium. 

Coloration:  Cephalothorax  dark,  nearly  covered  with  grayish  hair.  Cly- 
peus covered  with  white  hairs.  Abdomen  covered  with  grayish 
rufus  hair  with  two  spots  on  the  anterior  part,  a  slender  band  which 
curves  upward  from  the  sides  over  the  middle  part,  and  a  small  ring 
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on  the  posterior  region  black.     Falces  and  mouthparts  dark  brown. 
Sternum  and  coxaa  light  brown.      Legs  brownish  nifus.    Venter 
covered  with  grayish  hair. 
Habitat:    New  York,  Connecticut,  Alabama. 


HABROCESTUM  AURATUI^I    Hentz. 

Plat6  I,  figure  -Wa.    Plate  IV,  figures  46,  46a,  46b. 

Syn:  1845.    Attiis  auratum  ff.,  Jour.  Bost.  Soc.  Nat.  Hist.,  Vol.  V. 

1875.        "  **         CoU.  Arachn.  Writ,  by  N.  M.  Hentz,  Ed.    by 

Burgess,  Boston,  p.  66. 

6 .    Total  length  5  mm.    Width  of  abdomen  1.9  mm. 

Cephalothorax:  length  2.8:  width  1.8;  height  1. 

Legs  4,  3.8,  5.8,  4.2;  patella  and  tibia  of  the  first,  1.8;  patella  and  tibia  of  the 
third,  2.1;  patella  and  tibta  of  the  fourth,  1.6;  metatarsus  and  tarsus 
of  the  fourth,  1.6. 

9  ,    Total  length  6.4  mm.     Width  of  abdomen  3  mm. 

Cephalothorax:  length  3.2;  width  2.2;  height  1.1. 

Legs  4.5,  4.3,  6.2,  4.8;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of  the 
third,  2.4;  patella  and  tibia  of  the  fourth,  1.9;  metatarsus  and  tarsus 
of  the  fourth,  1.9. 

Cephalothorax  moderately  high,  $  less  convex  than  $  ;  cephalic  part  in 
clined  more  in  6  than  in  $  .  Ocular  area  e  [ually  wide  in  front  and 
beliind.  First  row  of  eyes  straight,  middle  eyes  sub-touching;  lateral  a 
little  less  than  one-half  middle  eyes,  separalod  from  them  by  (  ?  )  one- 
third  their  own  diameter,  {$)  scarcely  so  much;  eyes  of  second  row 
very  shghtly  nearer  lateral  tlian  dorsal  eyes,  dorsal  as  large  as  lateral- 
eyes.  Clypeus  two-thirds  as  high  as  middle  eyes,  retreating.  An- 
terior COX8B  separated  by  scarcely  the  widtli  of  the  labium. 

Coloration:  6  .  Cephalothorax  covered  with  short  black  hairs  which  are 
intermingled  with  others  of  a  yellowish  brovvn  color,  these  latter 
being  by  far  the  most  numerous  in  the  eye  region  and  giving  to  that 
part  its  predominating  tint.  Three  white  bands  come  up  on  to 
the  caput  from  the  interspaces  in  the  first  row  of  eyes;  the  central 
one  of  these  terminates  behind  the  middle  of  the  eye  region;  the  lat- 
eral ones  pass  just  above  the  small  median  eyes,  surround  the  dorsal 
eyes  and  on  the  thoracic  part  curve  first  toward,  and  then  away 
from  each  other,  terminating  at  the  posterior  border.  Around  the 
lower  margin  is  a  black  line,  and  just  above  this  a  band  of  white. 
Abdomen  black  encircled  by  a  wide  white  band  and  having  a  central 
longitudinal  white  band  which  ends  a  little  in  front  of  the  spinnerets. 
Clypeus  and  falces  blackish  brown,  clypeus  sparsely  covered  with 
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short,  and  falces  witli  long  white  hairs.  Sternum  black,  and  coxbb 
light  yellowish  brown,  both  being  covered,  not  very  thickly,  with 
white  hairs.  Venter  gray,  covered  thickly  with  a  mixture  of  black 
and  white  hairs.  Legs  and  palpi  medium  brown  with  many  white 
scales  and  some  black  hairs.  Femur  of  the  first  with  a  distinct  tuft 
of  stiff  black  hair  on  the  under  side.  Patella  of  the  first  with  a  small, 
and  tibia  of  the  first  with  a  much  larger  tuft  of  stiff  black  hairs  on 
the  upper  surface.  ?  .  Cephalothorax  covered  with  gray  hairs.  Ab- 
domen covered  with  gray  hairs,  with  a  basal  band,  two  oblique  bands 
on  each  side,  two  spots  near  the  apex,  and  a  central  line  of  chevrons 
white.  Falces  reddish  brown.  Underparts,  legs  and  palpi  covered 
with  short  white  hairs. 
Tliis  species  is  close  to  H.  peregrinum  but  the  two  species  are  disting- 
uished from  each  other  by  the  differences  in  the  first  and  third  pairs  of  legs. 
Habitat:    New  York,  South  Carolina,  Georgia. 


HABROCESTUM  HIRSUTUM.    Nov.  Sp. 

Plate  IV,  figures  47,  47a. 

i  .     Total  length  5.8  mm.     Width  of  abdomen  2  mm. 

Cephalothorax:  length  3;  width  1.7;  height  1.4. 

Legs  4.9, 3.9,  5.8, 5.4;  patella  and  tibia  of  the  first,  1.7;  patella  and  tibia  of  the 
third,  2;  patella  and  tibia  of  the  fourth,  1.7;  metatarsus  and  tarsus  of 
the  fourth,  1.9. 

Cephalothorax  liigh,  slightly  convex  Miind,  dilated  in  the  middle,  with 
sides  rounded  more  widely  behind  than  in  front;  cephalic  part  plane, 
not  inclined;  thoracic  sloping  slightly  in  tlie  first  half,  then  more 
steeply.  Ocular  area  occupying  two-fifths  of  ceplialothorax,  not 
quite  one- third  wider  than  long,  wider  behind  than  in  front.  First 
row  of  eyes  straight;  middle  eyes  sub- touching;  lateral  less  than  one- 
half  as  large  as  middle  eyes  and  a  little  separated  from  them;  eyes  of 
second  row  half  way  between  lateral  and  dorsal  eyes;  dorsal  as  large 
as  lateral  eyes,  further  from  eacli  other  than  from  lateral  borders, 
forming  a  row  as  wide  as  ce|)halothorax  at  that  place.  Clypeus  in- 
cUned  backward,  nearly  as  high  as  middle  eyes.  Falces  as  wide  as 
the  two  middle  eyes,  a  little  shorter  than  face,  parallel,  inclined 
backward;  fang  rather  long.  Maxilla)  parallel,  short,  square,  trun- 
cated. Labium  as  wide  as  long,  very  short,  rounded.  Sternum  ob- 
long oval,  nearly  twice  as  long  as  wide,  narrow.  Anterior  coxm 
separated  by  widtli  of  labium;  coxae  of  the  fourth  touching.  Legs  of  the 
first  pair  stoutest;  femoral,  tibial  and  metatarsal  spines  on  the  four 
pairs,  and  patellary  spines  on  first  and  fourth;  metatarsi  of  the  fourth 
spined  throughout  their  length. 
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Coloration:  Cephalothorax  black,  probably  originally  covered  with  short 
white  and  red  hairs,  with  a  band  of  white  hairs  and  some  long  black 
hairs  above  the  anterior  eyes.  Clypeus  covered  with  red  hairs.  Ab- 
domen and  venter  covered  with  short  whitish  brown  hairs.  Falces 
reddish  brown.  Mouthparts,  sternum,  coxae  and  palpi  brown.  Legs 
brown  with  light  hairs,  first  x)air  darkest  with  a  fringe  of  stout  black 
hairs  on  the  tibia. 

Habitat:    Oregon. 


HABROCESTUM  SPLENDENS     Peckham. 
Plate  I,  figure  48.    Plate  V,  fig:ure8  48,  48a. 

Syn,:  1883.    Attus  splendens  P.,  Descr.  new  or  little  known  Attidsa  of 

U.  S.,  p.  4. 
1885.     Pellenes  nigroceps  Keyserling,  Neue  Spinnen  aus  Amerika, 
VI,  Verhandlungen   zoologisch-botanischen  (Jesellschaft., 
p.  26  (512). 

S  .    Total  length  6.5  mm.    Width  of  abdomen  2.2  mm. 

Cephalothorax:  length  3;  width  2.2;  height  1.6. 

Legs  3.9,  3.7,  4.9,  4.5;  patella  and  tibia  of  the  first,  1.9;  patella  and  tibia  of 
the  third,  1.9;  patella  and  tibia  of  the  fourth,  1.8;  metatarsus  and 
tarsus  of  the  fourth.  1.5. 
9  .    Total  length  7.7  mm.    Width  of  abdomen  2.9  nmi. 

Cephalothorax:  length  3.1;  w^idth  2.5;  height  1.3. 

Legs  5.7,  4.5,  7.2,  5.8;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of 
the  third,  3;  patella  and  tibia  of  the  fourth,  1.8;  metatarsus  and 
tarsus  of  the  fourth,  1.9. 

Cephalothorax  high  and  convex,  a  little  dilated  opposite  dorsal  eyes,  sides 
nearly  vertical  in  front,  rounded  behind;  posterior  margin  truncated; 
Ocular  area  occupying  two-fifths  of  cephalothorax,  one-third  wider 
than  long,  a  little  wider  behind  than  in  front;  anterior  row  of  eyes 
straight;  middle  eyes  slightly  separated;  lateral  less  than  one-half  as 
large  as  middle  eyes,  separated  from  them  by  one-third  their  own 
diameter;  eyes  of  second  row  half  way  between  dorsal  and  lateral 
eyes;  dorsal  as  large  as  lateral  eyes,  further  from  each  other  than 
from  lateral  borders,  forming  a  row  a  little  narrower  than  the  cephal- 
othorax at  that  place.  Clypeus  ( s )  nearly  as  high,  ( 9 )  one-half  as 
high  as  middle  eyes.  Falces  extending  to  inner  edges  of  lateral  eyes, 
but  little  longer  than  the  face,  vertical,  parallel;  fang  short.  Max- 
illae parallel,  widely  separated,  enlarged  and  blunt  at  extremity; 
labium  as  wide  as  long,  a  little  less  than  one-half  as  long  as  maxillae, 
blunt.    Sternum  narrowed  at  both  ends,  truncated  in  front,  rounded 

behind;  (6)  twice  as  long  as  wide,  ( 9  )  relatively  shorter.    Anterior 
E 
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COX8B  separated  ( ^ )  by  scarcely  width  of  labium,  (?)  by  more  than 
width  of  labium.  Legs  of  the  first  and  second  pairs  stoutest;  femoral, 
patellary,  tibial  and  metatarsal  spines  on  the  four  pairs;  s  with 
spines  on  trochanters;  metatarsi  of  the  fourth  spined  throughout  their 
length. 
Coloration:  $  .  Cephalothorax  covered  with  dark  .but  highly  iridescent 
scales;  under  alcohol  two  whitish  testaceous  spots  appear  just  behind 
dorsal  eyes;  lower  margin  black;  some  upright  black  hairs  on  ante- 
rior part  of  eye  region.  Abdomen  bright  iridescent  red,  lighter 
around  margin,  purplish  on  dorsum,  four  indented  dots  near  base, 
and  sometimes  a  whitish  basal  band;  whole  abdomen  covered  with 
sparse  black  hairs;  spinnerets  black;  under  alcohol  the  base  and  a 
curved  oblicjue  band  on  each  side  appear  black,  and  the  dorsum 
dark  iridescent  green  with  a  short  longitudinal  red  band,  narrowest 
in  the  middle.  Clyi)eu8  iridescent;  falces  dark  reddish  brown  with 
long  white  hairs  on  their  inner  edges;  maxillae  white  at  extremities 
and  on  inner  edges,  otherwise  reddish;  labium  reddish  tipped  with 
white;  sternum  testaceous,  darker  than  coxie,  with  white  hairs; 
coxas  covered  with  white  hairs;  palpi  and  legs  almost  black;  venter 
iridescent  red  with  two  indistinct  darker  longitudinal  bands.  ?, 
Cephalothorax  rufus,  or  more  rarely  black  in  the  eye  region,  with  a 
transverse  black  band  between  the  dorsal  eyes;  posterior  to  tliis  is  a 
scalloped  white  or  rufus  baud  which  curves  forward  in  the  middle; 
beliind  the  scalloped  band  the  thoracic  part  is  black;  the  sides  are 
black  above,  and  white  l^elow;  the  margin  has  a  narrow  black  line 
between  two  white  lines.  Abdomen  velvety  black,  with  basal,  cen- 
tral, and  lateral  white  bands,  wliioli  are  sometimes  tinted  with 
salmon-color.  Clypeus  covered  with  white  hairs;  falces  reddish, 
with  white  hairs  on  anterior  face;  maxilhe  and  labium  brown;  palpi 
and  legs  varied  with  rufus  and  black,  with  white  hairs;  venter  cov- 
ered with  whitish  and  rufus  hairs. 
Coimt  Keyserling  has  kindly  sent  us  a  8i)ecimen  of  his  PeUcjies  nigroceps 
which  we  find  to  be  identical  with  H.  splendctis.  The  female  of  this 
species  is  extremely  variable,  especially  in  the  abdominal  markings. 
Habitat:    Wisconsin,  Massachusetts. 


HABROCESTUM  OREGONENSE    Nov.  Sp. 

Plate  V,  figures  49,  49a. 

S  .    Total  length  5.8  mm.    Width  of  abdomen  1.9  mm. 
Cephalothorax:  length  2.5;  width  1.6;  height  1. 
Legs  5,  3.8,  6,  5.5;  patella  and  tibia  of  the  first,  2.3;  patella  and  tibia  of  the 

third,  2.5;  patella  and  tibia  of  the  fourth,  2;  metatarsus  and  tarsus  of 

of  the  fourth,  2. 


■\ 
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Cephalothorax  high,  convex,  a  little  dilated  behind  dorsal  eyes,  with  sideB 
slightly  concave  in  front  and  a  little  rounded  (nearly  vertical)  be- 
hind; cephalic  part  inclined;  thoracic  falling  abruptly  from  a  little 
way  behind  dorsal  eyes.  Ocular  area  occupying  more  than  two- 
fifths  of  cephalothorax,  one-third  wider  tlian  long,  equally  wide  in 
front  and  behind.  Anterior  eyes  rather  small,  in  a  very  slightly 
curved  row;  middle  eyes  sub-touching,  scarcely  twice  as  large  as  the 
lateral,  which  are  scarcely  separated  from  them;  eyes  of  second  row 
a  little  nearer  dorsal  than  lateral  eyes;  dorsal  a  httle  smaller  than 
lateral  eyes,  further  from  each  other  than  from  lateral  borders,  form- 
ing a  row  as  wide  as  ceplialothorax  at  that  place.  Clypeus  retreat- 
ing, one-half  as  higli  as  middle  eyes.  Falces  but  little  wider  than 
the  two  middle  eyes,  square,  not  long,  parallel,  a  little  inclined  back- 
ward; fang  extremely  small.  ]VIaxill«e  parallel,  very  small,  wider 
and  rounded  at  extremity.  Labium  small,  a  little  more  than  one- 
third  as  long  as  maxilla?,  as  wide  as  long,  rounded.  Sternum  nearly 
round.  Anterior  coxaa  separated  by  more  than  width  of  labiiun  at 
base.  Legs  of  the  first  pair  much  the  stoutest,  with  tibia  nearly  as  wide 
as  long,  much  enlarged  in  all  directions,  with  fringes  of  stout  hairs; 
patella  and  tibia  also  enlarged  with  some  stout  hairs;  long  and«filen- 
der  femoral,  tibial  and  metatarsal  spines  on  the  four  pairs,  and  patel- 
lary  spines  on  the  third  and  fourth;  metatarsi  of  the  fourth  spined 
throughout  their  length. 

Coloration:  Cephalothorax  dark  colored,  nearly  covered  with  bright  irid- 
escent red  hairs,  with  which,  on  the  cephalic  part,  some  long  black 
hairs  are  intermixed;  lower  border  with  a  black  line  between  two 
white  lines;  anterior  eyes  surrounded  by  white  rings.  Abdomen,  ven- 
ter, clypeus,  falces,  palpus  and  legs  aU  covered  with  iridescent  red 
hair.  Mouthparts,  sternum  and  coxae  very  dark  brown,  with  some 
short,  wliite  hairs. 

Habitat:    Oregon. 


SAITIS  PULEX    Hentz. 

Plate  I,  figures  50,  50a.    Plate  V,  figures  60,  50a. 

Syn.:  1845.    AiruspuZcr  H.,  Journal  Bost.  Soc.  Nat.  Hist.,  Vol.  V. 
1846.?    EuoPHRYS  offuscata  C.  K.,  Die  Araclm.,  XIII,  p.  218. 
1875.    Attus  pulex  id. ,  Coll.  Araclm.  Writ,  by  N.  M.  Hentz.  Ed.  by 

Burgess,  Boston,  65. 
1885.    Cyrba  pulex  Keyserling,  Neue   Spinnen  aus  Amerika,  VI, 

Verhandlungen  zoologisch-botanischen  Gesellschaft, 

p.  23  (509). 
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$  .    Total  length  4  mm.    Width  of  abdomen  1.4  mm. 

Cephalothorax:  length  2.5;  width  1.1;  height  1.2. 

Legs  2.5,  2.5,  4,  4;  patella  and  tibia  of  the  first,  1.3;  patella  and  tibia  of  the 
third,  1.5;  patella  and  tibia  of  the  fourth,  1.5;  metatarsus  and  tarsus 
of  the  fourth,  1.5. 

9  .    Total  length  4.5  mm.    Width  of  abdomen  2.2  mm. 

Cephalothorax:  length  2.5;  widtli  1.4;  height  1.3. 

Legs  3,  3,  4.4,  4.5;  patella  and  tibia  of  the  first,  1.3;  patella  and  tibia  of  the 
third,  1.6;  patella  and  tibia  of  the  fourth,  1.6;  metatarsus  and  tarsus 
of  the  fourth,  1.6. 

•Cephalothorax  high  and  convex,  a  little  dilated  behind  dorsal  eyes,  sides 
nearly  vertical  in  front,  and  rounded  behind,  more  widely  in  $  than 
in  9  ;  cephalic  part  inclined;  thoracic  part  slanting  a  little  from  dor- 
sal eyes,  and  dropping  abruptly  near  posterior  border.  Ocular  area 
occupying  two-fifths  of  cephalothorax,  one-fourth  wider  than  long, 
slightly  wider  in  front  than  behind.  Anterior  eyes  on  a  projecting 
ridge,  all  sub-touching,  in  a  shghtly  curved  row;  lateral  about  one-half 
as  large  as  middle  eyes;  eyes  of  second  row  half  way  between  lateral 
and  dorsal  eyes;  dorsal  a  httle  smaller  than  lateral  eyes,  further  from 
each  other  than  from  lateral  borders,  forming  a  row  narrower  than 
the  cephalothorax  at  that  place.  Clypeus  retreating,  one-third  as  high 
as  middle  eyes.  Falces  but  little  wider  than  the  two  middle  eyes, 
about  as  long  as  face,  inclined  backward,  parallel;  fang  extremely 
weak.  Maxillae  parallel,  but  little  enlarged  at  extremity,  (6)  almost 
truncated,  (  9 )  blunt,  inner  edge  vertical.  Labium  one-half  as  long 
as  maxillae,  narrow  and  hollowed  at  base,  enlarged  in  middle,  con- 
tracted at  tip  ( S  )  nearly  twice  as  long  as  wide,  (  ? )  but  little  longer 
than  wide.  Sternum  one-half  longer  tlian  wide,  truncated  in  front, 
narrow  and  rounded  behind.  Anterior  coxae  separated  by  more  than 
the  width  of  the  labium.  Legs  all  slender;  femoral,  tibial  and  meta- 
tarsal spines  on  all  the  legs,  and  patellery  spines  on  the  third  and  the 
fourth;  metatarsi  of  the  fourth  spined  throughout  their  length.  Fe- 
moral joints  of  the  first  and  second  not  enlarged,  but  compressed,  es- 
l)ecially  in  $ . 

Coloration:  Ceplialothorax  dark  brown;  eye  region  black;  central  thoracic 
region  covered  with  gray  and  rufus  hairs;  lower  margin  black;  red- 
dish rings  around  anterior  eyes.  Abdomen  dark  brown  or  black; 
a  white  central  band  arises  at  base,  and  enlarging  and  tlien  again 
narrowing,  reaches  the  central  ix)int  of  the  dorsimi;  posterior  to  this 
two  short,  oblique,  white  bands  form  a  chevron  whose  apex,  pointing 
forward,  touches  the  extremity  of  the  central  band;  near  the  apex  are 
several  small  white  chevrons;  there  is  a  white  band  on  each  side. 
The  white  dorsal  markings  in  the  9  are  sometimes  broken  up  as  in 
figure  60;  usually  they  resemble  those  of  the  6 .  Clypeus,  falces, 
mouthparts,  stemiun  and  venter  brown,  glabrous.    Palpi  and  legs 
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sometimes  dark  brown,  sometimes  pale  with  brown  rings.    Coxae 
pale. 
Habitat:   New  York,  Pennsylvania,  Wisconsin,  Iowa,  Tennessee,  and  Ala- 
bama. 


PROSTHECLINA  CAMBRIDGII    Nov.  Sp. 
•  Plate  I.  fljTure  51.    Plate  V,  figures  51,  51a. 

i  .    Total  length  5.2  mm.    Width  of  abdomen  2  mm. 

Cephalothorax:  length  2.7;  width  2;  height  1.9. 

Legs  6.4,  5,  6,  6;  patella  and  tibia  of  the  first,  2.5;  patella  and  tibia  of  the 
third,  2.1;  patella  and  tibia  of  the  fourth,  2;  metatarsus  and  tarsus  2. 

? .    Total  length  5.8;  width  of  abdomen  2.5. 

Cephalothorax:  length  2.5;  width  1.8;  height  1.7. 

Legs  4.8,  4.5,  5.3, 5.7;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of 
the  third,  2;  patella  and  tibia  of  the  fourth,  2;  metatarsus  and  tarsus 
of  the  fourth,  1.9. 

Cephalothorax  rather  high,  convex,  sliglitly  dilated  behind  dorsal  eyes, 
sides  vertical;  cephalic  part  inclined;  ocular  area  occupying  a  little 
less  than  one-half  cephalothorax,  less  than  one-fourth  wider  than 
long,  a  little  wider  in  front  than  behind.  Anterior  row  of  eyes  a  lit- 
tle curved;  the  four  eyes  sub-touching;  lateral  more  than  one-half  as 
large  as  middle  eyes;  eyes  of  second  row  halfway  between  lateral  and 
dorsal  eyes;  dorsal  smaller  than  lateral  eyes,  nearer  to  each  other  than 
to  lateral  borders,  in  a  row  scarcely  narrower  than  the  cephalothorax 
at  that  place.  Clypeus  vertical,  one-third  as  high  as  middle  eyes. 
Falces  extending  to  inner  edges  of  lateral  eyes,  but  little  longer  than 
face,  vertical,  parallel,  fang  short,  weak.  Maxillae  parallel,  enlarged 
and  rounded  at  tip;  labium  nearly  as  wide  as  long,  a  little  more  than 
one-half  as  long  as  maxillse,  rounded.  Sternum  nearly  round,  trun- 
cated in  front.  Anterior  coxsb  separated  by  a  little  more  than  the 
width  of  labium.  Legs  of  the  first  stoutest,  of  the  second  next; 
femoral,  tibial  and  metatarsal  spines  on  the  four  pairs,  throughout 
the  length  of  the  articulation  on  metatarsi  of  tlie  fourth. 

Coloration:  Cephalothorax  black,  with  some  gray  hairs  above  the  anterior 
eyes,  a  white  parenthesis  on  the  anterior  part  of  the  thoracic  region, 
and  white  bands  on  the  lower  sides;  abdomen  greyish  rufus  with 
four  black  spots;  clypeus,  falces,  and  sternum  black  with  short  white 
hairs;  mouthparts  and  coxae  rufus;  legs  of  the  first,  dark,  nearly 
black,  of  the  second,  tliird,  and  fourth,  varied  with  black,  white  and 
rufus,  palpi  rufus  with  black  tarsi;  venter  covered  with  gray  hairs. 
This  species  agrees  with  the  genus  Prostheclina  Keys. ,  excepting  tliat 

the  relative  length  of  the  legs  in  the  i  is  1.  3,  4,  2;  not  1,  4,  3, 2. 

Habitat:    Florida. 
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ASTIA  VITTATA    Hentz. 
Plate  I,  figure  62,  52a.    Plate  V,  figure  52,  52a. 

Sipi.:  1845.     Attus  vittatiis  H.,  Jour.  Bost.  Soc.  Nat.  Hist.,  Vol.  V. 

1845.  "       ni^cr(^)  id.,  ibid. 

1846.  Plexippus  inukitus  C.  K.,  Die  Araclin.,  XIII,  p.  128. 
1848.     Maevia  jiencillata  (  5 )  C.  K.,  Die  Arachn.,  XIV,  p.  69. 

1875.    Attus  vittatm  H.,  Coll.  Arachn.    Writ,  by  N.  M.  Hentz.     Ed. 

by  Burgess,  Boston,  p.  64. 
1875.        **      niger  ( ,5 )  id.,  ibid.,  p.  63. 

S  .     Total  length  7  mm.     Width  of  abdomen  2.1  mm. 

Cephalothorax:  length  3;  width  1.9;  height  1.7. 

Legs  5.4,  5,  5.1,  6.3;  patella  and  tibia  of  the  first,  2.8;  patella  and  tibia  of 
the  third,  2.3;  patella  and  tibia  of  the  fourth,  2.8;  metatarsus  and 
tarsus  of  the  fourth,  2.8. 

$ .    Total  length  8  mm.    Width  of  abdomen  2.8. 

Cephalothorax:  lengtli  3.4;  width  2.4;  height  2. 

Legs  5.7,  5.6,  6.8,  6.9;  patella  and  tibia  of  the  first.  3.6;  patella  and  tibia  of 
the  third,  2.9;  patella  and  tibia  of  the  fourth,  3.2;  metatarsus  and 
tarsus  of  the  fourth,  3. 

Cephalothorax  moderately  high,  nearly  plane,  dilated  behind  dorsal  eyes, 
with  sides  nearly  vertical  in  front,  and  rounded  behind;  cephalic 
part  a  little  inclined  forward;  thoracic  part  slanting  but  little  in  the 
first  half,  steeply  in  the  second.  Ocular  area  occupying  two-fifths 
of  the  cephalothorax,  one-third  wider  than  long,  a  little  wider  in  front 
than  l>ehind;  anterior  eyes  j^rojecting  forward,  in  a  straight  row; 
middle  eyes  touching;  lateral  one  half  as  large  as  middle  eyes,  and 
slightly  separated  from  them;  eyes  of  second  row  half  way  between 
lateral  and  dorsal  eyes;  dorsal  a  little  smaller  than  lateral  eyes,  fur- 
ther from  each  other  than  from  tlie  lateral  borders,  forming  a  row 
not  quite  so  wide  as  the  cephalothorax  at  that  place.  Clypeus  ($) 
one-half,  (?)  one-third  as  high  as  middle  eyes,  slightly  inclined. 
Falces  ( ? )  but  little  wider  than  middle  eyes,  one-half  longer  than 
face,  vertical,  parallel;  6  weaker  and  shorter  than  in  ?  ;  fang  weak. 
Maxillo)  parallel,  enlarged  and  rounded  at  extremity;  labium  a  little 
longer  than  wide,  one-half  as  long  as  maxilla?,  contracted  and  blunt 
at  tip.  Sternum  nearly  twice  as  long  as  wide,  scarcely  projecting  be- 
tween anterior  coxae;  anterior  coxae  almost  touching.  (?)  first  legjs 
stoutest  with  femur,  patella  and  tibia  enlarged;  {6  ?)  with  spines  on 
trochanters,  femora,  jwitellae,  tibiae  and  metatarsi  of  the  four  pairs, 
those  on  the  femora  numerous  at  the  distal  ends;  (  ^ )  legs  and  spines 
weaker  than  in  v  . 

Coloration:  <J .  Presenting  two  distinct  varieties;  the  first  has  the  tho- 
racic part  of  the  cephalothorax  light  brown  and  glabrous  with  a  cen- 
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tral,  longitudinal,  black  line,  while  the  eye  region  is  black  with  some 
short  white  hairs;  the  abdomen  is  mottled  with  black,  red  and  white, 
sometimes  with  alternate  white  and  red  chevrons  on  the  central  re- 
gion; clypeus  white;  falces,  mouthparts,  sternum  and  coxsd  pale; 
venter  covered  with  short  white  hairs;  legs  white  with  black  spots 
and  spines,  and  underneath  on  the  fermoral  joints,  characteristic, 
oblique,  black  bars;  the  second  variety  (niger)  has  the  cephalothoraz 
black,  with  a  pale  spot,  divided  by  a  longitudinal,  black  line,  in  the 
central  thoracic  region,  and,  on  the  posterior  part  of  the  eye  region, 
forming  a  transverse  row,  three  long  tufts  of  black  hairs;  abdomen 
black;  clypeus,  palpi,  falces,  sternum,  mouthparts,  venter  and  some- 
times coxae  very  dark  or  black;  legs  pale,  with  a  yellowish  tint  in 
comparison  with  the  white  legs  of  the  first  variety,  tipped  with  black. 
Intermediate  between  these  varieties  is  one  which  is  nearly  as 
dark  as  niger,  with  pale  legs,  but  without  the  cephalic  tufts.  So  un- 
like in  general  appearance  are  the  extreme  forms  that  they  were 
placed  by  C.  Koch  in  two  different  genera  (Plexippiis  undatua.  Die 
Arachniden,  xiii,  fig.  1188,  and  Maevia  pencillata,  Die  Arachniden, 
xiv,  fig.  1325).  As  this  is  an  extremely  common  species  we  have 
compared  large  numbers  of  themt  but  have  never  found  the  tufts 
present  in  the  first  variety;  which  most  resembles  the  ?  .  9  .  Cephal- 
othorax  light  brown  in  thoracic  part,  black  in  eye  region,  with  short 
white  and  red  hairs;  abdomen  white  on  sides  and  central  dorsum, 
with  two  longitudinal  bright  red  bands;  in  rubbed  specimens  the  cen- 
tral region  and  sides  are  pale  flecked  and  striped  with  reddish,  and 
the  bands  are  dark  red;  clypeus,  falces,  mouthparts,  sternum,  coxae, 
palpi  and  legs  pale;  venter  covered  with  short  white  hairs. 
Habitat:    United  States. 


ASTIA  (?)  MOROSA     Nov.  Sp. 

Plate  I,  figure  58.    Plate  V,  figures  63,  53a. 

^  .     Total  length  5  mm.    Width  of  abdomen  2.1  mm. 

Cephalothorax:  length  2.4;  width  1.8;  height  1.3. 

Legs  5.4,  4,  5.1,  5.3;  patella  and  tibia  of  the  first,  2.5;  patella  and  tibia  of 
the  third,  2.2;  patella  and  tibia  of  the  fourth,  2.2;  metatarsus  and 
tarsus  of  the  fourth,  1.9. 

9 .    Total  length  6  mm.    Width  of  abdomen  3.2  mm. 

Cephalothorax:  length  2.9;  width  2;  height  1.7. 

Liegs  5.8,  4.9,  6.3,  6.8;  patella  and  tibia  of  the  first,  2.4;  patella  and  tibia  of 
the  third,  2.3;  patella  and  tibia  of  the  fourth,  2.6;  metatarsus  and  tar- 
sus of  the  fourth,  2.4. 
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Cephalothorax  high,  especially  behind,  convex,  a  little  dilated  in  the  mid- 
dle, with  sides  vertical  in  front  and  a  little  rounded  behind;  c^halic 
part  plainly  inclined;  thoracic  part  slanting  quite  abruptly  from  a 
little  behind  dorsal  eyes,  the  cephalothorax  being  evidently  highest 
in  the  middle.  Ocular  area  occupying  a  little  more  than  one-third 
of  cephalothorax,  one-third  wider  than  long,  a  little  wider  in  front 
than  behind.  First  row  of  eyes  straight;  middle  eyes  touching,  lat- 
eral more  than  one-half  as  large  as  middle  eyes,  (?)  touching  them, 
{6)  separated  from  them  by  one-fourth  their  own  diameter;  eyes  of 
second  row  half  way  between  dorsal  and  lateral  eyes;  dorsal  as  large 
as  lateral  eyes,  ( 6 )  equally  distant  from  each  other  and  lateral  bor- 
ders, (?)  a  little  nearer  each  other.  Clypeus  {6)  one-fourth, (?)  one- 
fifth  as  high  as  middle  eyes,  ($)  retreating,  (?)  verticaL  Falces as 
wide  as  the  two  middle  eyes,  ( ^ )  a  little  longer  than  face,  (  ?  )a8  long 
as  face,  parallel,  inclined  backward;  fang  weak,  maxillae  parallel,  nar- 
row at  base,  enlarged  at  extremity,  and  truncated.  Labium  as  wide 
as  long,  less  than  one-half  as  long  as  maxillae,  contracted  at  tip.  Ster^ 
num  nearly  twice  as  long  as  wide,  rounded  in  front,  pointed  behind. 
Anterior  coxa9  separated  (?)  by  width  of  labium,  (s)  more  widely. 
Legs  ( ^ )  of  the  first  very  slightly  stouter  than  the  others,  (?)  equally 
stout;  femoral,  tibial  and  metatarsal  spines  on  the  four  pairs;  {8) 
with  patellary  spines;  metatarsi  of  the  fourth  spined  throughout 
their  length. 

Coloration:  S  .  Cephalothorax  pale  in  thoracic  part,  much  darker  in  eye 
region,  probably  originally  covered  with  short  white  hairs;  marginal 
line  black;  middle  anterior  eyes  surrounded  by  rings  of  white  hairs. 
Clypeus  reddish  brown.  Abdomen  with  a  black  central  longitudinal 
line  over  the  anterior  part  of  the  dorsum,  which  bifurcates  posteriorly, 
thus  bounding  a  large  triangular  pale  spot;  this  spot  is  limited  behind 
by  some  irregular  black  marks;  the  sides  are  pale  with  blackidotsand 
spots.  Falces,  mouthparts,  sternum  and  coxie  all  light  brown.  Ven- 
ter pale  with  black  dots.  Legs  brown  with  black  rings  and  tips,  the 
color  being  considerably  darker  on  the  last  tliree  joints  of  the  first 
leg.  ? .  Cephalothorax  and  abdomen  black,  almost  covered  with 
mixed  red  and  gray  hairs;  on  the  abdomen  these  hairs  are  thick  at 
the  base,  and  form  three  wide  longitudinal  bands,  one  central  and  two 
lateral,  over  tlie  doi^sum,  and  a  large  trimgular  spot  behind  the  mid- 
dle point;  near  the  apex,  on  each  side,  are  two  white  dots,  the  ante- 
rior larger  and  a  little  external  to  the  posterior.  Clypeus  covered  with 
short  white  hairs.  Falces  dark  brown.  Moutliparts,  sternum  and 
coxae  light  brown.  Legs  and  palpi  brown  with  darker  rings.  Venter 
pale  with  irregular  black  dots. 

Habitat:    California. 
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MiEVIA  CALIFORNICA    Nov.  Sp. 

Plate  V,  figures  54,  54a. 

6 .    Total  length  6  mm. 

Cephalothoraz:  length  2.1;  width  1.5;  height  1.2. 

Legs  5.7,  4.5,  4.5,  5.5;  patella  and  tibia  of  the  first,  2.8;  patella  and  tibia  of 
the  third  1.9;  patella  and  tibia  of  the  fourth,  2.1;  metatarsus  and  tar- 
sus of  the  fourth,  2. 

Cephalothorax  high,  convex;  sides  nearly  parallel,  almost  vertical  in  front, 
and  rounded  behind;  cephalic  part  very  ^ghtly  inclined;  thoracic 
slanting  from  just  behind  dorsal  eyes.  Ocular  area  occupying  two- 
fifths  of  cephalothorax,  one-third  wider  than  long,  equally  wide  in 
front  and  behind.  Anterior  eyes  small,  sub-touching,  in  a  slightly 
curved  row;  middle  scarcely  twice  as  large  ba  lateral  eyes;  eyes  of  sec- 
ond row  a  little  nearer  lateral  than  dorsal  eyes;  dorsal  as  large  as 
lateral  eyes,  nearer  to  each  other  than  to  lateral  borders,  form- 
ing a  row  about  as  wide  as  cephalothorax  dt  that  place.  Clypeus 
one-half  as  high  as  middle  eyes,  sUghtly  inclined  backward.  Falces 
nearly  as  wide  as  first  row  of  eyes,  one  and  one-half  times  as  long  as 
face,  parallel,  slightly  inclined  backward;  fang  moderately  long. 
MaxillsB  parallel,  enlarged  at  the  extremity,  with  projection  at  outer 
comer.  Labium  less  than  one-half  as  long  as  maxillae,  as  wide  as 
long,  rounded.  Sternum  plane,  a  little  longer  than  wide,  tnmcated 
in  front,  rounded  behind.  Anterior  coxae  separated  by  width  of 
labium.  Legs  of  the  first  and  second  pairs  stoutest  with  f  ermoral  joints 
compressed;  tibial  and  metatarsal  spines  (stoutest  on  first  and  second), 
on  the  four  pairs;  metatarsi  of  the  fourth  spined  throughout  their 
length. 

Coloration:  Entire  spider  black,  excepting  the  tarsi  dnd  sometimes  the 
distal  ends  of  the  metatarsi,  which  are  pale. 

Habitat:    California. 


CYT^A  (?)  MINUTA    Nov.  Sp. 

Plate  I,  figure  55.    Plate  V,  figures  55,  55a. 

S .    Total  length  4.8  mm.    Width  of  abdomen  1.6  mm. 

Cephalothorax:  length  2.1;  width  1.6;  height  1.1. 

Legs  4,  3,  3.  6,  3;  cephalothorax  much  longer  than  patella  and  tibia  of  the 
first;  patella  and  tibia  of  the  third  longer  tlian  patella  and  tibia  of 
the  fourth;  patella  and  tibia  of  the  fourth  and  metatarsus  and  tarsus 
of  the  fourth  equal. 

?  .    Total  length  5  mm.     Width  of  abdomen  1.6  mm. 

Cephalothorax:  length  2.3;  width  1.5;  height  1.1. 
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Legs  3.8,  8.5,  4.1,  4.8;  cephalothorax  much  longer  than  patella  and  tibia  of 
the  first;  patella  and  tibia  of  the  third  shorter  than  patella  and  tibia 
of  the  fourth;  patella  and  tibia  of  the  fourth  and  metatarsus  and 
tarsus  of  the  fourth  equal. 

Cephalothorax  low,  flat,  a  little  contracted  behind,  with  sides  nearly  verti- 
cal in  front,  and  slightly  rounded  posteriorly;  cephalic  part  not  in- 
clined; thoracic  part  level  in  tlie  first  half,  then  falling  steeply. 
Ocular  area  occupying  a  little  less  than  two-fifths  of  cephalothorax, 
one-fourth  wider  than  long,  equally  wide  in  front  and  behind.  An- 
terior eyes  sub-touching,  in  a  straight  row;  middle  scarcely  twice 
as  large  as  lateral  eyes;  eyes  of  second  row  halfway  between  lateral 
and  dorsal  eyes;  dorsal  as  large  as  lateral  eyes,  further  from  each 
other,  nearly  as  wide  as  cephalothorax  at  that  place.  Clypeus 
scarcely  perceptible.  Falces  as  wide  as  first  row  of  eyes,  a  little 
longer  than  face,  vertical,  parallel;  fang  short  and  weak.  Maxillsd 
parallel,  enlarged  at  extremity,  {$)  with  small  projection  at  outer 
comer.  Labium  more  tlian  one-half  as  long  as  maxillse,  longer  than 
wide,  contracted  and  rounded  at  tip.  Sternum  one-fourth  longer 
than  wide,  truncated  in  front.  Anterior  coxae  separated  by  width  of 
labium.  Legs  nearly  equally  stout;  femoral,  tibial  and  metatarsal 
spines  on  the  four  pairs;  on  tibia)  and  metatarsi  of  the  third  and 
fourth  more  above  tlian  below;  metatarsi  of  the  fourth  spined 
tliroughout  their  length. 

Coloration,  S .  Ceplialotliorax  witli  thoracic  part  dark  brown,  and 
cephalic  part  with  short  rufus  and  long  black  hairs,  three  reddish 
tufts  appearing  between  the  anterior  eyes,  which  are  surrounded  by 
red  rings;  there  are  three  longitudinal  white  bands,  one  central, 
running  from  the  anterior  eyes  to  the  iK)sterior  border,  and  one  on 
eacli  lower  side  above  the  black  marginal  line.  Clypeus  covered 
with  yellowish  white  hairs.  Alxlomen  dark  broHTi  or  blackish  with 
a  central  longitudinal  abbreviated  white  line  not  reaching  the  mid- 
dle, and,  on  each  side,  a  longitudinal  white  line  wliich  reaches  beyond 
the  middle,  iKwterior  to  which  are  tliree  transverse  curved  white 
marks,  one  behind  the  other.  Falces  and  mouthj)arts  dark  brown. 
Palpi  covered  with  thick  white  hairs  above,  and  sparse  black  hairs 
below.  Sternum,  coxae  and  legs  light  brown,  the  legs  with  darker 
rings,  and  tipped  with  black.  Venter  covered  with  white  hairs. 
6 .  Cephalothorax  resembling  that  of  .$  but  with  a  greater  ten- 
dency to  reddish  color  in  the  eye  region,  with  the  white  of  the 
bands  not  so  clear,  and  with  the  central  band  extending  only  from 
the  dorsal  eyes  to  the  posterior  border.  Abdomen  dark  brown  or 
blackish,  with  a  wide,  notched,  central,  longitudinal  white  band  ex- 
tending nearly  to  the  apex,  just  behind  which,  on  each  side,  is  a 
short,  oblique,  white  line;  there  is  a  white  transverse  band  at  the 
apex,  and,  on  each  side  of  the  dorsum,  a  longitudinal  row  of  four  or 
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five  white  spots.    Palpi  pale  with  white  hairs.    Other  parts  like   t 
excepting  that  the  legs  are  paler. 
Habitat:    California. 


CYRBA  T^NIOLA    Hentz. 

Plate  I,  figure  56.    Plate  IV,  figure  56a.    Plate  V,  figures  56,  56b. 

Syn.:    1845.    Attus  tceniola  H.,  Journal  Bost.  Soc.  Nat.  Hist.    Vol.  V. 

1875.        •*  **  id.,  Ck>U.  Arachn.    Writ,  by   N.  M.  Hentz. 

Ed.  by  Burgess,  Boston,  p.  56. 

S .    Total  length  4  mm.    Width  of  abdomen  1.8  mm. 

Cephalothorax:  length  2.2;  width  1.8;  height  1.2. 

Legs  4.8,  3.6,  3.6,  5.1;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of 
the  third,  1.3;  patella  and  tibia  of  the  fourth,  2.2;  metatarsus  and 
tarsus  of  the  fourth,  1.7. 

^  .    Total  length  6.7  mm.    Width  of  abdomen  2.2  mm. 

Cephalothorax:    length  2.7;  width  2.1;  height  1.2. 

Legs  4.4,  3.6,  3.7,  4.9;  patella  and  tibia  of  the  first,  2;  patella  and  tibia  of 
third,  1.6;  patella  and  tibia  of  the  fourth,  2.3;  metatarsus  and  tarsus 
of  the  fourth.  1.7. 

Cephalothorax  low,  fiat,  sides  nearly  parallel,  and  almost  vertical  in  front, 
rounded  behind;  cephalic  part  a  little  inclined;  thoracic  part  almost 
level  in  anterior  three-fourths,  then  falling  abruptly.  Ocular  area 
occupying  a  little  less  than  one-half  cephalothorax,  one-tliird  wider 
than  long,  equally  wide  in  front  and  behind.  Anterior  eyes  project- 
ing, in  a  straight  row;  middle  eyes  touching;  lateral  one-half  as 
large,  and  scarcely  separated  from  middle  eyes;  eyes  of  second  row 
nearer  lateral  than  dorsal  eyes;  dorsal  not  so  large  as  lateral  eyes, 
further  from  each  other  than  from  lateral  borders,  forming  a  row 
nearly  as  wide  as  cephalothorax  at  that  place.  Clypeus  vertical,  one- 
fifth  as  high  as  middle  eyes.  Falces  but  little  wider  than  the  two 
middle  eyes,  one-half  longer  than  face,  vertical,  parallel;  fang  weak 
and  short.  Maxillae  widely  separated,  parallel,  long,  a  little  enlarged 
and  rounded  at  extremity.  Labium  one-half  as  long  as  maxillsB,  a 
little  longer  than  wide.  ($)  truncated,  narrower  than  in  ?  ,  ( ? ) 
blunt.  Sternum  not  projecting  between  anterior  coxae,  rounded  in 
front  and  behind,  (  i )  one-fourth  longer  than  wide,  (  ?  )  twice  as  long 
as  wide.  Anterior  coxse  nearly  touching.  Legs  of  the  first  much  the 
stoutest,  with  femoral  joints  compressed;  tibial  and  metatarsal  spines 
on  the  four  pairs;  metatarsi  of  the  fourth  spined  throughout  their 
length. 

Coloration:  Cephalothorax  black,  with  lower  margin  white.  Abdomen 
black  with  two  longitudinal  rows  of  white  dots  or  abbreviated  lines. 
Clypeus,  falces,  mouthparts,  sternum,  coxae,  palpi  and  venter  black. 
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Legs  of  the  first  and  second  pairs  black,  excepting  metatarsi  and 
tarsi  which  are  light  rufus;  third  and  fourth  light  rufus,  excepting 
femoral  joints  which  are  black. 
Habitat:    Pennsylvania,  South  Carolina,  Alabama,  Oeoi-gia,  Florida,  YHs- 
consin. 


EPIBLEMUM  SCENICUM    Clerck. 


Plate  1,  flpTure  57.    Plate  IV,  fl^ure  57. 


8yn.:  1757.    Araneus  acenicus  C/.,  Sv.  Spindl.,  p.  117  (saltem  ad.  part.) 

1758.    Aranea  scenica  Linn.,  Syst.  Nat.,  Ed.  10, 1,  p.  628,  (saltem  ad 

part.) 
1778.  "      albO'fasciata  De  Geer,  Mem.,  vii,  p.  287  (saltem  ad 

part.) 

1805.  Attus  scenicus  Walck.  Tabl.  d.  Aran. ,  p.  24  (ad  part). 

1806.  Salticus  acenicus  Latr.,  Gen.  Crust,  et  Ins.,  I,  p.  123  (saltem 

ad  part). 
1825.    Attcs  scenicus,  Walck.,  Faune  Franc,  Arachn.,  p.   44  (ad 

part). 
182?.        "  *'       Hahn.  Monogr.  Aran.,  4,  PI.  I,  figs.  A,  B. 

1831.  Salticus  **       id.,  Die  Arachn,  I.  p.  57  (saltem  ad  part.) 

1832.  Epiblemum  faustum  Hentz,  Am.  Jour.  Science  and  Arts,  xxi, 

p.  108. 

1833.  Attus  scenicus  Sund.,  Sv.  Spindl.  Beskrifn.,  in  Vet.-Akad. 

Han(U.  f.  1832,  p.  202. 
1837.     Calijethera  scenica  C.  Koch,  Uebers.  d,  Arachn-Syst.,  I,  p. 

31. 
1837.  **  /iis^rio?ii*ca  id.,  ibid. 

1846.  *'  *'  id..  Die  Arachn.,  xiii,  p.  42. 

1846.  **  scenica  id.,  ibid,  p.  37. 

1846.  **  anlica  id.,  ibid,  p.  51. 

1846.    Salticus  jpropi/ir/M MS  Lucus,  Expl.  Alg.,  Ar.,  p.  162. 
1846.  "        albovittatus  id.,  ibid,  p.  164. 

1846.     Epiblemum /aws^u/ii  Hentz,  Journal  Best.  Soc.  Nat.  Hist.,  v. 

p.  367. 
1856.     Calliethera  histrionica  Thorell;  Rec.  crit.  Aran.,  p.  08. 
1856.  **  scenica  id.,  ibid  (ad  part). 

1861.    Salticus  scenicus  Black w.,  Spid.  of  Gr.  Brit.,  I,  p.  47. 

1869.  Callietherus /a*5^rio/u'c?ts  Sim. ,  Monogr.  d.  Att.  d'Eur.,  p. 

650(184). 

1870.  Epiblemum  histrionicuni  Tliorcel.  on  Eur.  Spid.,  p.  211. 
1872.    Epiblemum  sceuicum  id.,  ibid,  II,  p.  360. 

1876.    Calliethera  sceinca  S/w,  Arachuides  de  France,  III,  p.  64. 
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1880.    Epiblemum  scenicum  Workman,  Irish  Spid. ,  Belfast  Nat.  Hist. 

Soc.,  p.  16, 

1883.  *  *  *  *       Campbell,  Spid.  of  Hoddesdon,  Hertford- 

shire Nat.  Hist.  Soc.,  p.  276. 

1884.  Calliethera  scenica  5m,.,  Arachnides  de  ^iranda  de  Ebro, 

Soc.  Esp.  de  Hist.  Nat.,  xiii,  114  (2). 

1885.  **  **      id.,  Arachnides  de  Tunisie,  p.  8. 

S  .    Total  length  4.9  mm.    Width  of  abdomen  1.8  mm. 

Cephalothorax:  length  2,5;  width  1.9;  height  1.1. 

Legs  3.9,  2.7,  2.7,  3.2. 

9  .    Total  length  5.5  nmi.    Width  of  abdomen  1.8  mm. 

Cephalothorax:  length  2.2;  width  1.3;  height  1.2. 

Legs  8.8,  2.5,  3.2,  4. 

Cephalothorax  moderately  high,  slightly  convex,  a  little  dilated  behind 
dorsal  eyes,  with  sides  almost  vertical  in  front,  and  rounded  behind; 
cephalic  part  slightly  inclined;  thoracic  part  falling  gradually  until 
the  last  one-third  and  then  steeply.  Ocular  area  occupying  a  little 
more  than  one-third  of  the  cephalothorax,  one-third  wider  than  long, 
equally  wide  in  front  and  behind.  First  row  of  eyes  straight;  mid- 
dle eyes  touching;  lateral  one-half  as  large  as  middle  eyes,  and 
scarcely  separated  from  them;  eyes  of  second  row  halfway  between 
lateral  and  dorsal  eyes;  dorsal  nearly  as  large  as  lateral  eyes,  further 
from  each  other  than  from  lateral  border,  forming  a  row  scarcely 
narrower  than  the  cephalothorax  at  that  place.  Clypeus  vertical, 
one-fourth  as  high  as  middle  eyes.  Falces  not  quite  so  wide  as  first 
row  of  eyes,  ( $ )  four  times  as  long  as  face,  horizontal,  diverging, 
with  two  teeth  on  distal  third;  fang  long;  (?)  one  and  one-half  as 
long  as  face,  vertical,  parallel,  fang  short.  Maxillae  long,  ( $ )  trun- 
cated at  tip,  slightly  diverging;  (?)  rounded,  parallel.  Labium  a 
little  longer  than  wide,  slightly  contracted  at  tip,  {$)  less  than  one- 
half,  (?)  more  than  one-half  maxillae.  Sternum  rounded  behind, 
truncated  in  front,  about  twice  as  long  as  wide,  relatively  wider  in  S 
than  in  ?  ,  Anterior  coxae  separated  by  width  of  labium.  Legs  of 
the  first  pair  a  little  the  stoutest;  metatarsal  spines  on  the  third  and 
fourth  in  terminal  circles;  ( ? )  femoral  and  tibial  spines  as  well. 

Coloration:  Cephalothorax  dark  brown,  with  clypeus  and  lower  border 
white,  and  two  white  spots  in  the  anterior  thoracic  region.  Abdo- 
men rufus,  with  a  basal  band  and  two  slightly  oblique  bands  on  each 
side  of  dorsum  white.  Falces  dark  brown,  mouthparts  and  slemiun 
blackish,  with  white  hairs;  coxae  brown.  Palpi  and  legs  light  brown, 
with  darker  rings.    Venter  blackish,  with  white  hairs. 

Habitat:    North  America,  Europe,  North  Africa. 
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ADMESTINA    Nov.  Gen. 

Cephalothorax  low  and  plane,  a  little  widest  opposite  the  middle  of  thoracic 
part,  more  contracted  in  front  than  behind,  less  than  twice  as  long  as 
wide,  the  cephalic  and  thoracic  parts  not  separated.  The  thoracic 
part  is  twice  as  long  as  the  cephalic  part,  and  is  truncated  behind. 
In  front  the  sides  are  nearly  vertical  while  behind  they  are  rounded. 
Quadrangle  of  eyes  much  wider  —  nearly  twice — than  long,  and  very 
little  wider  behind.  Anterior  row  a  little  curved  upward,  the  middle 
twice  the  lateral  and  near  together;  the  lateral  separated  from  the 
middle  by  almost  one  -half  their  own  diameter.  Second  row  small  and 
placed  two-fif tliH  from  the  anterior  lateral.  Dorsal  eyes  slightly  larger 
than  lateral  and  as  wide  as  the  cephalothorax  at  that  place;  plainly 
further  from  each  other  than  from  the  lateral  borders.  Clypeus  one- 
half  as  high  as  the  large  middle  eyes.  Sternum  nearly  oval,  not  pro- 
duced between  the  coxie  of  the  first  pair,  which  are  nearly  touching. 
Maxilla)  enlarged  and  blunt  at  the  extremity.  Labium  as  wide  as 
long,  and  less  than  half  of  the  maxilUe.  Falces  weak,  wide  as  mid- 
dle eyes,  and  a  little  longer  than  the  face,  vertical,  parallel.  Legs 
4,  1,  3,  2;  first  pair  stoutest;  the  tibia  and  patella  of  the  first  much 
shorter  than  tlie  cephalothorax.  Tibia  and  patella  of  the  third  shorts 
than  tibia  and  patella  of  the  fourth,  the  latter  longer  than  the  tarsus 
and  metatarsus  of  the  fourth.  Legs  without  spines  except  on  meta- 
tarsus of  the  first  pair.  Abdomen  rather  long  and  narrow.  Nearest 
Hyctia  Simon,  but  differs  in  the  much  greater  width  of  the  quadran- 
gle of  the  eyes,  in  the  quadrangle  Ixiing  wider  behind,  not  parallel; 
and  the  relative  length  of  the  legs.     The  sternum  is  not  narrow. 


AD^fESTINA  WHEELERII    Nov.  Sp. 

Plate  I,  figure  58.    Plate  V,  figure  68. 

S .    Total  length  3.7  mm.     Width  of  abdomen  1.2  mm. 

Cephalothorax;  length  1.6:  width  1;  height  6. 

Legs  2.3,  1.9,  2.1,  2.7;  patella  and  tibia  of  the  first,  1;  patella  and  tibia  of 
the  third,  8;  patella  and  tibia  of  the  fourth,  1;  metatarsus  and  tarsus 
of  the  fourth,  8. 

Coloration:  Cephalothorax  and  clypeus  black.  Abdomen  pale,  with  a 
central  longitudinal  branching  dark  band.  Falces  and  mouthparts 
dark  brown.  Sternum  black.  Coxae  dark  brown,  excepting  those  of 
the  fourth  pair  which  are  pale.  Venter  pale  with  a  wide,  central 
dark  band.    Palpus  brown.    Legs  pale  with  dark  rings. 

Habitat:    Wisconsin. 
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HYCTIA  PIKEI    Nov.  Sp. 

Plate  I,  figure  59.    Plate  IV,  flfoire  59a.    Plate  V,  figure  69. 

i .    Total  length  8.2  mm.    Width  of  ahdomen  1.1  mm. 

Cephalothorax:  length  2.9;  width  1.8;  height  .9. 

Legs  7.1,  4,  8.6,  4.6;  patella  and  tibia  of  the  first,  3.1;  patella  and  tibia  of 
the  third,  1.5;  patella  and  tibia  of  the  fourth,  1.9;  metatarsus  and 
tarsus  of  the  fourth,  1.4. 

9 .    Total  length  8.5  mm.    Width  of  abdomen  1.1. 

Cephalothorax:  length  2.9;  width  1.8;  height  .9. 

Legs  6.3,  3.3,  3,  5;  patella  and  tibia  of  the  first,  2.8;  patella  and  tibia  of  the 
third,  1.3;  patella  and  tibia  of  the  fourth,  2;  metatarsus  and  tarsus 
of  the  fourth,  1.4. 

Cephalothorax  very  low,  flat,  long  and  slender,  being  nearly  twice  as  long 
as  wide,  contracted  in  front,  the  dilation  beginning  just  in  front  of 
the  dorsal  eyes  and  increasing  in  the  thoracic  part;  cephalic  part 
plane,  not  inclined,  sides  vertical;  thoracic  i)art  with  sides  a  lit- 
tle rounded,  sloping  gradually  from  dorsal  eyes  to  posterior  margin. 
Ocular  area  occupying  about  one-third  of  cephalothorax,  very  I'ttle 
wider  than  long,  e<iually  wide  in  front  and  behind;  anterior  row  of 
eyes  distinctly  visible  from  above,  straight;  lateral  about  one-third  as 
large  as  middle  eyes,  scarcely  sejiarated  from  them;  middle  eyes 
touching;  eyes  of  second  row  very  small,  halfway  between  lateral 
and  dorsal  eyes;  dorsal  smaller  than  lateral  eyes,  much  farther  from 
each  other  than  from  lateral  borders,  forming  a  row  which  is  as  wide 
as  the  cephalothorax  at  that  place.  Clypeus  only  ii  line.  Falces  ex- 
tending in  width  to  inner  edges  of  lateral  eyes,  but  little  longer  than 
face,  vertical,  parallel.  Maxillte  parallel,  long,  narrow,  truncated. 
Labium  more  than  one-half  as  long  as  maxillae,  longer  than  wide, 
pointed.  Sternum  very  long  and  narrow.  Anterior  coxae  (6)  very 
close  together  but  separated  by  anterior  end  of  sternum;  (?)  separ- 
ated by  width  of  labium.  Coxae  of  fourth  pair  touching;  second  and 
third  pairs  of  coxaa  separated  from,  each  other  by  a  considerable  in- 
terval. First  pair  of  legs  much  the  longest  and  stoutest,  with  troch- 
anters visible  from  above,  and  tibiae  enlarged.  Femoral,  tibial  and 
metatarsal  spines  on  the  four  pairs,  and  one  small  patellary  spine  on 
the  first;  spines  on  the  tibiae  and  metatarsi  of  the  first  very  long  and 
stout,  on  the  third  and  fourth  exceedingly  weak  and  far  apart.  Ab- 
domen, very  long,  slender  and  low. 

Coloration:  6  .  Cephalothorax  very  dark  brown,  blackish  on  eye  region 
with  some  black  hairs,  and  yellowish  on  the  sides,  with  a  black  mar- 
ginal line;  abdomen  with  a  wide,  central,  longitudinal,  black  band 
from  base  to  apex,  and  some  stiff  black  hairs  at  base;  on  each  side 
below  the  black  band,  a  band  of  whitish  hairs;  falces  dark  brown; 
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mouthparts  light  brown;  sternum,  coxae  and  venter  yellowlBh,  first  pair 
of  legs  dark  brown,  the  others  yellowish  tipped  with  black.  9 ,  Much 
like  6  but  lighter  in  color;  cephalothorax  showing  a  slender,  central, 
longitudinal  black  line  from  the  middle  of  the  cephalic  to  nearly  the 
middle  of  the  thoracic  part;  the  central  band  on  abdomen  dark  brown, 
the  sides  lighter,  but  not  white;  first  legs  darker  than  the  others  but 
lighter  than  in  6  . 
Easily  distinguished,  as  the  abdomen  is  more  than  three  time  as  long  as 

wide. 

Habitat:    New  York,  South  Carolina,  Georgia,  Florida. 


MARPTUSA  FAMILIARIS    Hentz. 
Plate  I,  figure  60.    Plate  IV,  figxire  60a.    Plate  V,  figure  60. 

Syn,:  1845.    Attus  familiaris,  H.,  Journal  Bost.  Soc.  Nat.  Hist.,  Vol.  V, 
1846.     Marpissa  undata,  C.  K.,  Die  Arachn.  XIII,  p.  60. 
1846.  *  *         conspersa  ( ^ )  id. ,  ibid. ,  XIII,  p.  61 . 

1846.  **         varia,  id.,  ibid.,  XIII,  p.  69. 

1875.    Attus  familiaris,  H.,  Coll.  Arachn.  Writ,  by  N.  M.  Hentz, 

Ed.  by  Burgess,  Boston,  p.  56. 

6  .     Total  length  9.5  mm.    Width  of  abdomen  2.9  mm. 

Cephalothorax:  length  4.4;  width  3.2;  height  2.1. 

Legs  10.6,  8.4,  8.2,  10;  patella  and  tibia  of  the  first,  4.4;  patella  and  tibia  of 
the  third,  2.9;  patella  and  tibia  of  the  fourth,  3.3;  metatarsus  and 
tarsiis  of  the  fourth,  2.9. 

$  .    Total  length  10.5  mm.     Width  of  abdomen  3.5  mm. 

Cephalothorax:    length  4.5;  width  3.5;  height  1.8. 

Legs  9,  7.7,  7.7,  9.1;  patella  and  tibia  of  the  first,  3.8;  patella  and  tibia  of  the 
third,  3;  patella  and  tibia  of  the  fourth,  4;  metatarsus  and  tarsus  of 
the  fourth,  2.9. 

Ocular  area  occupying  less  than  one-third  of  cephalothorax,  nearly  twice 
as  wide  as  long,  and  equally  wide  in  front  and  behind.  Anterior 
eyes  in  a  scarcely  curved  row,  the  lateral  less  than  one-half  as  large 
as  the  middle  eyes,  and  separated  from  them  by  one-half  their  own 
diameter,  while  the  middle  eyes  are  slightly  separated  from  each 
other;  eyes  of  the  second  row  halfway  between  lateral  and  dorsal 
eyes;  dorsal  a  little  smaller  than  lateral  eyes,  placed  ( ^ )  a  little,  (?) 
plainly  further  from  each  other  than  from  the  lateral  borders,  form- 
ing a  row  much  narrower  than  the  cephalothorax  at  that  place. 
Clypeus  nearly  vertical,  rather  less  than  one-half  as  high  as  middle 
eyes.  Falces  extending,  in  width,  to  the  inner  edges  of  the  lateral 
eyes;  one-half  longer  than  face,  parallel,  vertical;  fang  short.  Max- 
illae parallel,  enlarged  and  rounded  at  extremity.     Labium  a  little 
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more  than  one-half  as  long  as  maxillae,  as  wide  as  long;  contracted 
and  blunt  at  tip.  Sternum  one-half  longer  than  wide,  a  little  nar- 
rower in  front  than  behind.  Anterior  coxae  separated  by  scarcely  the 
width  of  the  labium.  Femoral,  tibial  and  metatarsal  joints  of  the 
first  and  second  pairs  enlarged.  Metatarsi  and  tarsi  slender;  femoral, 
tibial  and  metatarsal  spines  on  the  four  pairs;  metatarsi  of  the  fourth 
spined  throughout  their  length. 

Coloration:  Cephalothorax  rufus,  darkest  in  the  eye  region,  with  short 
dense  gray  hairs,  and  a  few  long  black  hairs  on  each  side  in  front; 
lower  borders  black;  abdomen  dark  brown  with  the  central  region 
occupied  by  a  wide,  light  gray,  scalloped,  longitudinal  band;  clyx)eus 
covered  with  long  white  hairs;  falces  dark  reddish  brown;  sternum 
brown;  palpus  with  a  short  brush  of  black  hairs;  legs  dark  brownish 
red,  covered  with  adpressed  white  and  upright  black  hairs.  Venter 
pale  gray,  with  a  central  longitudinal  brown  band  which  tapers  to  a 
point  near  the  apex. 

Habitat:    United  States,  Mexico. 


MARPTUSA  CALIFORNICA    Nov.  Sp. 

Plate  I,  fljnire  61.    Plate  V,  figure  61.    Plate  VI,  figure  61  a. 

^  .    Total  length  9.2  mm.    Width  of  abdomen  2.4  mm. 
Cephalothorax:  length  8.8;  width  2.9;  height  1.8. 

Legs  8.4,  7.4,  7.5, 8;  patella  and  tibia,  3.6;  patella  and  tibia  of  thetliird,  3;  pa- 
tella and  tibia  of  the  fourth,  3.5;  metatarsus  and  tarsus  of  the  fourth, 

O   K 
v.O. 

9  .    Total  length  9  mm.     Width  of  abdomen  2.4  mm. 

Cephalothorax:  length  3.8;  width  2.9;  height  1.5;  relative  length  of  legs, 
4,1,2^. 

Ocular  area  occupying  a  little  more  than  one-third  of  cephalothorax,  one- 
third  wider  than  long,  equally  wide  in  front  and  behind.  Anterior 
eyes  in  a  slightly  curved  row;  lateral  one-half  as  large  as  middle  eyes, 
separated  from  them  by  one-half  their  diameter;  middle  eyes  sub- 
touching;  eyes  of  second  row  very  slightly  nearer  lateral  than  dorsal 
eyes;  dorsal  not  quite  so  large  as  lateral  eyes,  (  ^ )  slightly  nearer  each 
other  than  lateral  borders,  (?)  further  from  each  other,  forming  a 
line  narrower  than  cephaloth  orax  at  that  place.  Clypeus  vertical, 
one-half  as  high  as  middle  eyes.  Falces  rather  short  and  weak,  ver- 
tical, parallel.  Maxillae  parallel,  enlarged  and  rounded  at  extremity. 
Labium  more  than  one-half  as  long  as  maxillae,  as  wide  as  long, 
rounded  at  tip.  Sternum  nearly  plane,  one-third  longer  than  wide, 
widest  in  middle.    Anterior  coxae  separated  by  a  little  less  than  the 

width  of  labiimi.     Femoral,  patellary  and  tibial  joints  of  the  first 
F 
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and  second  pairs,  enlarged;  femoral,  tibial  and  metatarsal  spines  on  the 
four  pains;  those  on  the  metatareus  of  the  fourth,  tliroughout  their 
length. 

Coloration:  Ceplialothorax  very  dark  brown  covered  with  gray  hairs, 
with  whitish  hairs  around  the  eyes;  central  upper  surface  of  abdomen 
occupied  by  a  wide,  angular  gray  band;  sides  black  ^ith  mixed  gray 
and  tai^Tiy  hairs;  cIy|K*us  with  white  hairs;  sternum,  coxae  and 
mouth  parts  bn)wn;  sternum  with  some  white  hairs;  falces  brown; 
venter  black;  legs,  excepting  the  tarsi,  which  are  light  in  color,  black- 
ish with  much  gray  and  tawny  hair. 

Habitat:    California. 

MENEMERUS  MELANOGNATHUS     H.  Lucas. 

Plate  I,  figures  tt2,  62a.    Plato  VI,  fljfures  02,  «2a. 

Syn.:  1839.    (?).     Salticus  melanognathus  H.  Lucas,  Webb  and  Berthe- 

lofs  Hist.  Nat.  des  lies  Canaries,  Tom.  II,  p.  29,  pi.  VII,  fig.  4. 

1846.     Marpissa  dtHsimilLs  C.  L.  Koch,  Die  Arachn.,  XIII,  p.  70,  Tab. 

CCCCLIV,  figs.  1135  and  1136. 
1846.  "  incerta  id.,  ibid.,  p.  73,  Tab.  CCCCLIV.  fig.  1138. 

1859.     Salticus  convergetis  Doleschall,  Twoede  Bijdr.  Arachn.  Indi- 

schen  Archii>el,  p.  15,  Tab.  IX,  fig.  4. 
1863.     Attus  muscivonui  A.  Vinson,  Araneides  des  lies  de  la  Reunion, 

etc.,  p.  47,  PI.  X,  fig.  1. 
1867.     Attvs  foluitiis  L.  Koch,  Arach.,  etc.,  Verhandl.  zooL  and 

hot.  Ges.,  m  Wien,  1867,  p.  226. 
1870.    Salticus  iiigro-limbatus  Cambridge,  [Proceed.  Zool.  Soc.  of 

London,  1869,  p.  542,  PI.  XLII,  fig.  10. 

1873.  "  nigroUnibatns,  id.,  Transact,  of  the  Linn.  Soc.  of 

Loudon,  XXVII,  p.  527. 

1874.  Marpissa  nUjro-liinhatuH,  id.,  Syst.  list  of  Spiders  of  Gr.  Brit- 

ain and  Ireland,  ibid.,  XXX,  p.  333. 
1876.  '*         nifjrO'limbatiLH,   E.   Simon,   Arachnides  de  France, 

T.  Ill,  p.  29. 

1878.  Icius  (?)  convergeus  Thorell,  Studi,  etc.,  II,  Ragni  di  Amboina, 

pp.  232,  309. 

1879.  Marptusa  marita  Karsch.  West-Afrik.  Arachn.  in  Zeitschr. 

f.  die  gesamnit.  Naturwissensch,  LII,  p.  338. 
1879.     Menemerus  foliatns  L.  Koch.  ^Vrachn.  Australiens,  p.  1123, 

T.  XCVIII,  figg.  1,2. 
1881.     Icivs (t)  dissimilis  Thorell,    Studi,  etc.,  Ill,  Ragni  Malesi  e. 

Papuani,  p.  401. 
1883.    Attus  man  nil  Peckham,  New  or  little  known  spiders  of  the 

family  Attidie,  p.  27,  PL  III,  fig.  21. 
1883.    Menemerus  melanognathiiH    E.  Simon,   Arachn.  do  TOcean 

Atlanticjue,  Soc.  Entom.,  France,  pp.  284,  806. 
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We  have  Attus  muacivorus  Vinson  from  both  Madagascar  and  Reunion, 

and  find  it  to  be  identical  with  M.  melanogiiathus. 

S .     Total  length  8  mm.     Width  of  abdomen  2.7  mm. 

Cephalothorax:  length  3.3;  width  2;  height  1.3. 

Legs  7.8,  7.2,  5.9,  7.9;  patella  and  tibia  of  the  first,  3.6;  patella  and  tibia  of 
the  third,  2.2;  patella  and  tibia  of  the  fourth,  3;  metatarsus  and 
tarsus  of  the  fourth,  2.3. 

9  .     Total  length  9.5  mm.     Width  of  abdomen  3.6  mm. 

Cephalothorax:  length  3.8;  width  3;  height  1.5. 

Legs  6.8,  6.5,  7.4,  8.5;  patella  and  tibia  of  the  first,  2.8;  patella  and  tibia  of 
the  third,  2.5;  patella  and  tibia  of  the  fourth,  3.3;  metatarsus  and  tar- 
sus of  the  fourth,  3. 

Cephalothorax  low  and  flat,  dilated  behind  dorsal  eyes,  with  sides  almost 
vertical  in  front  and  rounded  widely  behind;  cephaUc  part  scarcely  in- 
cHned;  thoracic  part  slanting  very  gradually  until  near  the  posterior 
border.  Ocular  area  occupying  less  than  two-fifths  of  cephalotliorax, 
one-fourth  wider  than  long,  equally  wide  in  front  and  behind.  First 
row  of  eyes  straight;  middle  eyes  sub-touching;  lateral  rather  more 
than  one-half  as  large  as  middle  eyes,  and  slightly  separated  from 
them;  eyes  of  second  row  half  way  between  lateral  and  dorsal  eyes; 
dorsal  as  large  as  lateral  eyes,  further  from  each  other  than  from 
lateral  borders,  forming  a  row  narrower  than  the  cephalothorax  at 
that  place.  Clypeus  scarcely  one-fifth  as  high  as  middle  ey^,  verti- 
cal. Falces  nearly  as  wide  as  the  first  row  of  eyes,  more  than  twice  as 
long  as  face,  vertical,  diverging  a  little  at  the  extremities.  MaxilldB 
parallel,  long,  narrow  at  base,  rounded.  Labium  two-thirds  as  long  as 
maxilldB,  twice  as  long  as  wide,  a  little  shorter  in  ?  than  in  s  ,  rounded 
at  tip.  Sternum  deep  set,  nearly  twice  as  long  as  wide,  contracted  in 
front,  rounded  behind.  Anterior  coxae  separated  ( (5 )  by  about  the 
width  of  the  labium,  ( J* )  a  little  less.  Legs  of  the  first  pair  a  httle 
stoutest.  Femoral,  tibial  and  metatarsal  spines  on  the  four  pairs; 
metatarsi  of  the  fourth  spined  throughout  their  length. 

Coloration:  Cephalothorax  dark  brown,  with  rufus  hairs  over  anterior 
eyes,  a  wide  white  band  low  on  each  side,  and  a  large  patch  of  white 
hairs  on  the  central  thoracic  region.  Clypeus  dark  in  the  middle, 
with  an  obhque  line  of  white  hair  on  each  side,  these  lines  beginning 
below  the  anterior  lateral  eyes  and  extending  over  the  clypeus  and 
along  the  inner  edges  of  the  dark  brown  falces.  Abdomen  dark  ru- 
fus with  two  wide  longitudinal  white  bands  composed  of  both  short 
and  long  white  hairs,  and  two  black  chevrons  at  the  apex.  Palpus 
with  femur  covered  with  white  hairs,  and  tarsus  black.  Legs  rufus 
with  dark  rings  and  a  good  many  white  hairs.  Mouthparts,  sternum 
and  coxae  very  dark,  with  white  hairs.  Venter  gray  with  a  wide 
central  rufus  band. 

Habitat:  Cosmopolitan.  Florida,  Mexico,  Guatemala,  Brazil,  Islands  of 
the  Atlantic,  England,  France,  Africa,  Madagascar,  Australia,  Malay 
Archipelago. 
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MENEMERUS  PAYKULLII    AuD. 

Plate  I,  as.    Plate  VI,  (Inures  63,  63a. 

8yn,:  1825-37.    Attus  paykidlii  Aud.  in  Sav.  Descr.  de  V  Egypte,  2.  Edit., 

XXII,  p.  172. 
1837.         **  **         Walck.,HLst.  Nat.  des  Insectes  Aptdres, 

I,  p.  426. 
1837.  **       ligo  id.,  ibid.,  p.  426. 

1845.  **       himis  Hentz,  Journal  Bost.  Soc.  Nat.  Hist.,  VoL  V, 

1846.  Plexippus  ligo  C.  K.,  Die  Arachn.,  XIII,  p.  107. 

1849.     Salticus  vaillantii  Lucas,  Expl.  de  1'  Algerie  Zool. ,  I,  p.  136. 
1863.     Attus  africanus  Vinson,  Aran,  des  iles  de  'la  B^unioii, 

Maurice  et  Madagascar,  p.  52. 
1865.     EuoPHRYS  delibuta  L.  Koch,  Verhandl.  d.  zool.  bot.  Qes, 

in  Wien,  p.  874. 

1875.  Attus  bimis  Hentz,  Coll.  Arachn.  Writ,  by  N.  M.  Hentz, 

ed.  by  Burgess,  Boston,  p.  54. 

1876.  Hasarius  jjaT/fcuZZu*  Sim.,  Arachnides  de  France,  HI,  p.  81. 
1881.    Menemerus  (?)  '*     Thorell.  Studi  Sui  Ragni  Mai.  et  Pap., 

Ill,  p.  501. 
1881.  '*  **  Keyserling,  Koch  and  Keyserling's, 

Die  Arachn.  Austral.,  p.  1461. 
1885.  **  "  Sim.,  Faune  Archnologique  de  T  Asie 

Merid.,  Bull,  de    la  Soc.  Zool.  de 

France,  p.  7. 

We  have  Attus  africanu^  Vinson  from  Madagascar  and  find  it  identi- 
cal with  M.  paykuUii. 

S  .     Total  length  9  mm.     Width  of  abdomen  2.7  mm. 

Cephalothorax:  length  4.5;  width  3.1;  height  .2. 

Legs  11,  9.2,  9.5,  10.5;  patella  and  tibia  of  the  first,  5;  patella  and  tibia  of 
the  third,  3.5;  patella  and  tibia  of  the  fourth,  4;  metatarsus  and 
tarsus  of  the  fourth,  4. 

Cephalothoyix  high,  convex,  a  httle  dilated  behind  dorsal  eyes,  with  sides 
nearly  vertical  in  front,  and  rounded  l^ehind;  cephalic  part  inclined; 
thoracic  part  falling  gradually  from  a  little  way  behind  dorsal  eyes 
nearly  to  ix)sterior  border,  then  abruptly.  Ocular  area  occupying 
two-fifths  of  cephalothorax,  one-fourtli  wider  than  long,  slightly 
wider  in  front  than  behind.  Anterior  eyes  all  projecting,  in  a  curved 
row;  middle  eyes  subtouching;  lateral  rather  more  than  one-half  as 
large  as  middle  eyes,  separated  from  them  by  one-third  their  own 
diameter;  eyes  of  second  row  a  little  nearer  lateral  than  dorsal  eyes; 
dorsal  smaller  tlian  lateral  eyes,  equally  distant  from  each  other  and 
the  lateral  borders,  forming  a  row  narrower  than  the  cephalothorax 
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at  that  place.  Clypeus  retreating,  one-half  as  high  as  middle 
eyes.  Falces  not  much  wider  tlian  the  two  middle  eyes,  three  times 
as  long  as  face,  vertical,  parallel;  fang  not  long.  Maxillse  i)arallel, 
enlarged  and  rounded  at  extremity.  Labium  one-half  as  long  as 
maxillsB,  a  little  longer  than  wide,  contracted  and  blunt  at  tip. 
*  Sternum  nearly  twice  as  long  as  wide,  rounded  behind,  slightly  con- 
tracted in  front.  Anterior  coxsb  separated  by  nearly  the  width  of 
the  labium.  Legs  of  the  first  and  second  pairs  stoutest;  with  femoral 
joints  enlarged  and  compressed;  femoral,  patellary,  tibial  and  meta- 
tarsal spines  on  the  four  pairs,  those  on  third  and  fourth  especially 
stout;  metatarsi  of  the  fourth  spined  throughout  their  length.  There 
are  some  stout  femoral  spines  on  the  palpus. 

Coloration:  Cephalothorax  and  abdomen  white,  with  two  wide  longitudi- 
nal black  bands  extending  from  anterior  eyes  to  spinnerets,  and  two 
white  dots,  one  on  each  band,  on  the  posterior  part  of  the  abdomen. 
Clypeus  covered  with  white  and  rufus  hairs;  a  reddish  band  extend- 
ing from  each  anterior  lateral  eye  downward  to  the  lower  border. 
Falces  brown  with  fringes  of  white  hairs  on  the  inner  borders. 
Mouthparts  dark  brown.  Sternum  and  coxae  hght  brown.  Venter 
black  with  a  white  band  on  each  side.  Palpi  and  legs  light  brown 
(legs  of  ^he  first  pair  darkest)  with  white  hairs  and  black  opines. 

Habitat:  Florida,  Guatemala,  New  Grenada  (from  collection  of  Count 
Keyserling),  Europe,  North  Africa,  India,  Malay  Archipelago,  Aus- 
tralia, Madagascar. 


HOMALATTUS     (White)    1841. 

Cephalothorax  rather  low,  as  wide  as  long,  flat  above,  a  little  contracted  in 
front,  the  contraction  l>egiuning  opiX)site  the  dorsal  eyes,  and  trun- 
cated in  front  and  behind,  where  it  is  hollowed  to  receive  the  anterior 
margin  of  the  abdomen.  Sides  gently  rounded.  CephaUc  part  oc- 
cupying about]  two-thirds  of  cephalothorax,  not  separated  from  tho- 
racic part.  Thoracic  part  level  in  the  first  half  and  then  falling 
abruptly;  tliis  slanting  ix>rtion  being  concealed  by  the  overlapping 
abdomen  gives  the  cephalic  part,  when  looke^d  at  from  above,  an  ap- 
pearance of  exaggerated  length.  Quadrangle  of  eyes  much  wider 
behind  tlian  in  front,  and,  behind,  one-third  wider  than  long.  First 
row  of  eyes  sti'aight  or  sUghtly  curved;  middle  eyes  near  together; 
lateral  one-half  as  large,  and  separated  from  the  middle  eyes,  some- 
times by  more  than  one-half  their  own  diameter.  Eyes  of  second 
row  at  least  twice  as  far  from  dorsal  as  from  lateral  eyes.  Dorsal 
eyes  as  large  as  lateral,  much  further  from  each  other  than  from 
lateral  borders  (often  twice  as  far),  forming  a  row  as  wide  as  cephal- 
othorax at  that  place.     Clypeus  from  one-fourth  to  one-half  as  high 
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as  middle  eyes.  MaxillsB  enlarged  at  extremity.  Labimn  one-half 
as  long,  sometimes  as  wide  as  long,  sometimes  longer  than  wide. 
Sternum  lorger  than  >vide,  sometimes  truncated  in  front,  projecting 
between  anterior  coxae.  Anterior  coxae  separated  sometimes  by 
more,  sometimes  by  less,  than  width  of  labium. 

The  genus  Honialattus  is  nearest  Ballus  from  which  it  is  not  readily  dis- 
tingfuished.  The  greater  length  of  the  cephalic  part  (two-thirds  of  cephal- 
othorax  instead  of  one-half  as  in  Ballus)  and  the  shape  of  the  thoracic  part 
enable  one  to  decide.  Ballus  has  the  thoracic  part  contracted  and  the 
dorsum  falling  gently  from  the  dorsal  eyes;  in  HomaJattus  the  sides  are 
not  contracted,  and  the  fall,  which  does  not  begin  at  the  dorsal  eyes,  is 
very  abrupt.  In  Zygoballus  the  cephalothorax  is  very  high  and  the  thoracio 
part  falls  steeply  from  the  dorsal  eyes.  Rhania  C.  K.,  Rhene  Thorell,  and 
Bhene  Tacz.  are  identical  with  Honialattus  W, 


HOMALATTUS  CYANEUS    Hentz. 

Plate  I,  llifure  64.    Plate  VI,  figures  W,  Wa. 

Syn,:  1845.     Attus  cyaneus  Hentz,  Journal  Bost.  Soc.  Nat.  Hist.,  VoL  V. 
1848.    Maevia  chrysea  C.  Koch,  Die  Arachn.,  XIV,  p.  83. 
1875.    Attus  cyaneus  Hentz,  Coll.  Arachn.    Writ,  by  N.  M.  Hentz 

ed.  by  Burgess,  Boston,  p.  69. 
1885.    lloyLAijATTUS  septentricmalvi  Kvya.,  Neue  Spinnen  aus  Amer- 

ika,  VI,  Verhaudl.  zool.  bot.  Gesel.  in  Wien,  p.  29 

(5jr,). 

6  ,     Total  lengtli  4.8  mm.     Width  of  abdomen  1.2  mm. 

Cephalotliorax:  length  1.8;  width  1.5;  height  .7. 

Legs  3.1,  2.2,  2,  2.5:  patella  and  tibia  of  the  first,  1.4;  patella  and  tibia  of 
the  third,  8;  patella  and  tibia  of  the  fourth,  1;  metatarsus  and  tar- 
sus of  the  fourth,  1. 

?  .     Totid  length  4.6  mm.     Width  of  abdomen  2.3  nun. 

Cephalothorax:  leuf^tli  1.8;  width  1.7. 

Legs  3,  2.2,  2.4,  3.2;  patella  and  tibia  of  the  first,  1.2;  patella  and  tibia  of 
tlie  third,  8;  patella  and  tibia  of  the  fourth,  1.1;  metatarsus  and  tar- 
sus of  the  fourth,  1. 

Quadrimgle  of  eyes  barely  one-third  wider  than  long.  First  row  of  eyes 
straiglit.  Anterior  lateral  separated  from  middle  eyes  by  one-half 
their  own  diameter.  Eyes  of  second  row  very  small,  and  placed 
fully  twice  as  far  from  doi-sal  as  from  lateral  eyes.  Clypeus  one-half 
as  high  as  middle  eyes.  Falces  as  wide  as  first  row  of  eyes,  one  and 
one-half  times  as  long  as  face,  vertical,  parallel,  anterior  surface  plane, 
Maxillaa  truncated.  Labium  one-half  as.  long  as  maxillae,  about  as 
wide  as  long,  contracted  and  rounded  at  tip.    Sternum  oval,  nearly 
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twice  as  long  as  wide.  Anterior  coxaB  separated  by  about  the  width 
of  the  labium.  First  leg  with  femur,  patella  and  tibia  enlarged. 
Femoral,  tibial  and  metatarsal  spines  on  the  four  pairs. 

Coloration.  Our  specimens  are  somewhat  damaged:  the  6  has  the  scales 
all  rubbed  off  and  appears  entirely  black  excepting  some  yellowish 
hairs  on  the  clyi)eus,  and  pale  rings  on  the  metatarsi  of  the  second, 
third  and  fourth  legs.  On  the  cephalothorax  and  abdomen  of  the 
9  there  are  left  a  few  yellowish  white,  somewhat  metallic  scales; 
otherwise  it  is  like  the  6  .  Hentz  describes  this  species  as  brassy- 
green. 
Ckmnt  Keyserling  has  kindly  sent  us   a  specimen  of  his  H.  septentri' 

onalis  and  we  find  it  identical  with  cyaneus. 

Habitat:    Iowa,  New  York,  Pennsylvania,  Massachusetts,  North  Carolina, 
Alabama,  Georgia,  Nebraska.  • 


BALLUS  YOUNGII    Nov.  Sp. 

Plate  I,  figure  60.    Plate  VI,  figures  66,  66a,  66b. 

S  ,    9  .    Total  length  2.8  mm.     Width  of  abdomen  1.4  mm. 

Cephalothorax:  length  1.5;  width  1.2;  height  .6. 

Legs  1.9,  1.7,  1.6,  2.1.  Cephalothorax  a  little  longer  than  patella  and  tibia 
of  the  first;  patella  and  tibia  of  the  third  shorter  than  patella  and 
tibia  of  the  fourth;  patella  and  tibia  of  the  fourth  longer  than  meta- 
tarsus and  tarsus  of  the  fourth. 

Cephalothorax  low,  plane,  a  very  little  dilated  behind  middle,  with  sides 
vertical  in  front  and  slightly  rounded  behind:  cephalic  part  not  in- 
clined; thoracic  part  not  slanting  until  it  reaches  the  posterior  border, 
where  it  is  truncated  and  a  little  hollowed.  Ocular  area  occupying 
nearly  one-half  cephalothorax,  one-tliird  wider  than  long,  shghtly 
wider  behind  than  in  front.  Anterior  eyes  touching,  in  a  straight 
row;  middle  twice  as  large  as  lateral  eyes;  eyes  of  second  row  half- 
way between  lateral  and  dorsal  eyes;  dorsal  as  large  as  lateral  eyes, 
further  from  each  other  than  from  lateral  borders,  forming  a  row  as 
wide  as  cephalothorax  at  that  place.  Clypeus  much  inclined  back- 
ward, two-thirds  as  high  as  middle  eyes.  Falces  very  weak,  about 
as  long  as  face,  parallel,  inclined  backward;  fang  very  weak.  Max- 
illae parallel,  short,  wider  and  truncated  at  extremity.  Labium  short, 
twice  as  wide  as  long,  rounded.  Sternum  oval,  rather  short.  nte- 
rior  coxaB  separated  by  width  of  labium:  coxa?  of  the  fourth  touch- 
ing. Legs  of  the  first  and  second  pairs  stoutest,  with  femoral  joints 
compressed;  inferior  rows  of  spines  on  the  tibiae  and  metatarsi  of  the 
four  pairs.  Anterior  end  of  abdomen  fitting  into  excavation  at  pos 
terior  end  of  cephalothorax. 
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Colorqticni:  Cephalothorax,  clypeus,  abdomen  and  venter  black,  thinly 
covered  with  short  yellow  hairs;  on  the  abdomen  the  thickening  of 
these  hairs  forms  two  yellow  spots  on  the  anterior  part,  and  three 
transverse  yellow  bands.  Falces,  mouthparts,  sternum  and  cox89 
hght  brown.    Palpi  and  legs  brown  with  some  short  yellow  hairs. 

The  following  remarks  are  from  a  letter  written  by  CJol.  Jolin  J.  Young, 
of  Allegheny,  Pa.,  to  whom  we  are  indebted  for  this  species: 

"  These  spiders  are  found  at  tliLs  season  (November)  imder  the  bark  of 
trees,  usually  hickory  and  sycamore.  You  will  note  that  the  general  color 
of  the  spider  corresponds  with  the  rusty  brown  of  the  under  side  of  the 
bark  of  the  shag-bark  hickory  when  first  pulled  off.  In  that  hibernating 
locality  it  covers  itself  with  a  thin  bluish  envelope.  The  spider  is  so  nearly 
of  the  bark  color,  and  so  small  that  we  would  often  overlook  the  speck  in 
the  centre  of  the  envelope,  supposing  it  to  be  merely  the  empty  tube  or 
cell  of  some  young  spider." 
Habitat:    Pennsylvania. 


NEON  NELLII    Nov.  Sp. 

Plate  I.  figure  C5.    Plate  VI,  n^pwe  Oo. 

t .    Total  length  2.5  mm.    Width  of  aMomen  1.2  mm. 

Cephalothorax:  length  1.3;  width  .9;  height  .5. 

Legs—,  1.8,  2.1,  2.9. 

?  ,     Juv.  legs  4,  3,  1,  2. 

Cephalothorax  not  high,  convex,  a  little  contracted  behind  dorsal  eyes, 
sides  nearly  vortical  in  front,  rounded  beliind;  cei)halic  part  much 
inclined;  tlioracic  part  sloi)ing  from  just  behind  dorsal  eyes.  ■  Ocular 
area  oc^cupying  more  than  one-lialf  cephalothorax,  less  than  one-fifth 
wider  tliaii  long,  efjually  wide  in  front  and  l>ehind.  First  row  of 
eyes  straight,  aU  four  toucliing;  lat<M-al  one-half  as  large  as  middle 
eyes;  eyes  of  second  row  a  little  noai'er  lateral  than  dorsal  eyes;  dor- 
sal larger  tlian  lateral  eyes,  further  from  each  other  than  from  lateral 
borders,  forming  a  row  as  wide  as  ceplialothorax  at  that  place.  Cly- 
peus slightly  inclined,  alxmt  one-fourth  a«  liigh  at  middle  eyes.  Falces 
not  as  wide  as  two  middle  eyes,  short,  parallel,  vertical;  fang  very 
weak.  Maxillae  nearly  parallel,  rathc^r  long,  rounded;  labium  wider 
tlian  long,  alxmt  one-third  as  long  as  maxilla?.  Sternum  convex, 
triangular,  truncated  in  front.  Anterior  coxae  8ej>arated  by  more 
than  width  of  labium.  First  legs  stoutest;  femoral,  tibial  and  me- 
tatarsal si)ines  on  the  four  pairs;  metatarai  of  the  fourth  spined 
throughout  their  length. 
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Coloration:  Cephalothorax  brown,  darkest  in  eye  region.  Abdomen 
brown  with  pale  spots  and  chevrons.  Palpi  and  legs  pale  with 
black  rings;  first  legs  darkest;  remaining  parts  dark  brown  or  black. 

This  species  agrees  with  the  genus  Neon  as  defined  by  Simon,  excepting 
that  all  the  legs  are  spined. 
Habitat:     Pennsylvania,  Canada  (Collection  of  J.  B.  Tyrrell.) 


ZYGOBALLUS  SEX-PUNCTATUS     Hentz. 

Plate  1,  figure  67.     Plate  VI,  figures  67,  67a. 

Syn,:  1844.  Attus  sex-punctatiis  H. ,  Journal  Bost.  Soc.  Nat.  Hist. ,  Vol.  FV. 
1875.        **  **  id.,  CoU.  Arachn.    Writ,  by  N.  M.  Hentz. 

Ed.  by  Burgess,  p.  54. 

Total  length  3  mm.    Width  of  abdomen  .8  mm. 

Cephalothorax:  length  1.8;  width  1.6;  height  .8. 

Legs  3.7,  2.2,  2,  3. 

Cephalic  part  growing  wider  to  the  dorsal  eyes;  general  appearance  from 
above  quadrangular,  with  projecting  comers  beliind  dorsal  eyes;  dor- 
sal eyes  placed  on  sides,  below  dorsum,  forming  a  row  wider  by  the 
amount  of  their  projection  than  the  cephalothorax  at  that  place. 
Middle  anterior  eyes  touching,  lateral  sub-touching;  dorsal  as  large 
as  lateral  eyes.  Labium  two-fifths  as  long  as  maxillsB,  as  wide  as 
long.  Metatarsi  of  tlie  third  and  fourth  legs  with  only  terminal  circles 
of  spines. 

Coloration:  Cephalotliorax  black  with  a  sjx)t  of  white  hairs  in  front  of  each 
dorsal  eye,  and  one  between  tlie  dorsal  eyes.  Clyjieus  black,  thinly 
covered  with  white  hairs.  Abdomen  l)lack  with  a  white  basal  band 
and  six  wliite  spots,  two  on  each  side  near  the  middle  of  the  dorsum, 
and  two  near  the  apex.  Palpi  and  falces  brown.  Legs  reddish  or 
brown,  first  and  fourth  pairs  darker  than  second  and  third.  Under 
side  black,  with  some  white  hairs  on  sternum  and  venter. 

Habitat:  North  Carolina,  Georgia,  Florida. 


ZYGOBALLUS  BETTINI    Nov.  Sp. 

Plate  I,  figures  08,  68a.    Plate  VI,  figures  68,  68a,  68b. 

$  ,    Total  length  4.2  mm.     Widtli  of  abdomen  1.7  mm. 
Cephalothorax:  length  1.8;  width  1.8;  height  1,3. 
Legs  4.9,  3.3,  3,  4.4. 

$  .     Total  length  4.4  mm.     Width  of  abdomen  2  mm. 
Cephalothorax:  length  1.8;  width  1.4;  height  1.1. 
Legs  4.4,  3.2,  3,  4.5. 
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Clypeu8  inclined  backward.  Falces  (6)  nearly  as  wide  as  first  row  of  eyes, 
twice  as  long  as  face,  inclined  for\vard,  diverging;  fang  long;  ( $  )  ex- 
tending only  to  inner  edges  of  lateral  eyes;  one  and  one-half  times 
as  long  as  face,  vertical,  parallel;  fang  small.  Maxillae  ($)  widest 
in  middle,  blmit  at  tip,  cut  obliquely  on  inner  side;  (?)  a  little  widest 
at  extremity,  rounded.  Labium  one-half  as  long  as  maxillse,  ($) 
longer  than  wide,  (9)  as  wide  as  long.  Legs  without  patellaiy 
spines,  excepting  one  on  the  first  leg,  ( 6 )  coxsb  and  trochanter  of 
the  first  elongated. 

Coloration:  6 .  Cephalothorax  bronze  brown;  eye  region  covered  with 
reddish  gold  metallic  scales;  anterior  faces  of  falces,  clypeus  and 
sides  of  cephalothorax  as  far  back  as  second  row  of  eyes,  covered 
with  white  scale-like  hairs.  Abdomen  bronze,  with  a  silvery  white 
band  passing  around  base  and  downward  onto  the  sides;  a  second 
white  band,  on  each  side,  curves  over  the  side  from  the  upper  to  the 
vmder  surface,  and  on  the  posterior  dorsum  are  two  more  short 
curved  white  bands,  these  last  being  semi-circular  in  form.  Mouth- 
parts,  sternum  and  venter  brown.  First  leg  with  elongated  coxa 
and  trochanter,  as  well  as  the  femur,  dark  mahogany  color;  the 
other  joints  and  all  the  other  legs  yellowish  white. 

9  .  Cephalothorax  bronze  brown  with  metallic  scales  on  eye  region  as  in 
S  .  Anterior  eyes  surrounded  by  rings  of  reddish  yellow  hair.  Ab- 
domen brown ;  a  white  baud  passes  around  the  base  and  extends  on 
to  the  sides;  beyond  the  termination  of  this  are  two  short  white  bars 
on  each  side;  on  the  anterior  half  of  the  dorsum  is  a  wide  longitudinal 
band  composed  of  reddish  golden  scales;  the  posterior  edge  of  this 
band  is  notched.  Behind  the  band  are  two  chevrons  of  the  same 
scales,  and  two  short  bands,  one  on  eacli  side  of  the  spinnerets;  two 
black  spots  are  found  in  front  of  the  first,  and  two  more  behind  the 
second  chevron.  Femur  of  the  first  log  mahogany  color;  other 
joints  and  all  the  other  legs  white  with  some  dark  rings  and  spots. 

Habitat:    Wisconsin,  Missouri,  Georgia,  Florida 


AGOBARDUS  ANORMALIS    Keyserling. 

Plak- 1,  figure  09.    Plate  VI,  figure  74. 

1885.  Agobardus  anormalis  Keys.,  Neue  Spinnen  aus  Amerika,  VI,  Ver- 
naudl.  zool.  bot.  Gesel.  in  Wien,  p.  33  (519). 

S  .     Total  length  4.7  mm.     Width  of  abdomen  1.4  mm. 

Cephalothorax:  length  2.6;  width  2. 

Legs  6.7,  4.9,  5.5,  5.6;  patella  and  tibia  of  the  first,  2.3;  patella  and  tibia  of 
the  third,  1.9;  patella  and  tibia  of  the  fourth,  1.9;  metatarsus  and  tar- 
sus of  the  fourth,  2. 

9  .    Total  length  4.6  mm.     Width  of  abdomen  1.7  mm. 

Cephalothorax:  length  2.1;  width  1.6. 
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Legs  3.8,  3.3,  4.6,  4.8;  patella  and  tibia  of  the  first,  1.4;  patella  and  tibia  of 
the  third,  1.6;  patella  and  tibia  of  the  fourth,  1.8;  metatarsus  and  tar- 
sus, 1.7. 

Cephalothorax  very  high  at  dorsal  eyes  but,  in  front,  not  higher  than  cly- 
peus  and  lateral  eye,  on  account  of  the  steep  inclination  of  the  ce- 
phalic part.  Sides  nearly  parallel,  a  very  Uttle  dilated  in  the  middle, 
vertical  in  front,  rounded  behind;  thoracic  part  falling  steeply  from 
dorsal  eyes.  Quadrangle  of  eyes  occupying  one-half  of  cephalo- 
thorax, twice  as  wide  as  long,  equally  wide  in  front  and  behind. 
First  row  of  eyes  much  bent;  middle  eyes  sub-touching;  lateral  a  lit- 
tle more  than  one-half  as  large,  separated  from  them  by  one-half 
their  own  diameter.  Eyes  of  second  row  a  very  little  nearer  lateral 
than  dorsal  eyes.  Dorsal  as  large  as  lateral  eyes,  equally  distant  from 
each  other  and  the  lateral  borders,  forming  a  row  as  wide  as  ceplialo- 
thorax  at  that  place.  Clyi>eus  one-fifth  as  high  as  middle  eyes.  Falces 
extending  to  inner  edges  of  lateral  eyes,  one  and  one-half  times  as  lonfe 
as  face,  inclined  backward,  a  little  diverging;  fang  weak.  MaxillaB 
slightly  diverging,  enlarged  and  rounded  at  extremity.  Labium  one- 
half  as  long  as  maxillaD,  as  wide  as  long.  Sternum  nearly  as  wide  as 
long,  oval,  projecting  between  anterior  coxae.  Anterior  coxsb  separ- 
ated by  nearly  the  width  of  the  labium.  Legs  of  the  first  pair  a  little 
stoutest.  Femoral,  patellary,  tibial  and  metatarsal  spines  on  the  four 
pairs;  those  on  metatarsi  of  the  fourth  extending  to  base. 

Coloration:  Cephalothorax  brown  with  a  lighter  central  longitudinal  band 
in  thoracic  part,  in  the  midst  of  whicli  is  a  spot  of  white  hairs;  the 
eyes  are  placed  in  black  spots;  the  anterior  i)art  of  the  cephalic  plate, 
the  lower  sides,  and  the  clyi)eus  are  covered  with  white  hairs;  the 
lower  margin  is  black.  Abdomen  brown,  with  a  curved  white  basal 
band  and  a  central  wide  wliite  longitudinal  band  which  is  often  in- 
distinct in  the  anterior  jjart,  and  is  interrupted  beliind  by  a  slender 
brown  transverse  curved  band;  tliis  middle  band  gives  off  on  either 
side  two  short  white  spots  which  are  longer  than  wide,  one  in  the 
middle  of  the  first  half,  the  other,  oblique,  just  in  front  of  the  spin- 
nerets. Venter  dark  brown  or  black  with  a  white  band  behind  and 
on  the  sides.  Palpi  yellowish  brown  excepting  the  last  two  joints 
which  are  black,  with  black  hau*8.  Falces,  mouthparts,  sternum 
coxae  and  legs  reddish  brown. 

Habitat:    United  States.  « 
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6  Juv.    Total  length  4..')  mm.    Width  of  abdomen  1.6  mm. 

Cephalothorax:  length  2,  width  1.5;  height  9. 

Legs  3,  3.2,  3.7,  4.  Ceplialothorax  much  longer  than  patella  and  tibia  of 
the  first;  |>atelhi  and  tibia  of  the  third  shorter  than  patella  and  tibia 
of  the  fourth;  patella  and  tibia  of  the  fourth  and  metatarsus  and  tar- 
sus of  the  fourth  equal. 

Cephalothorax  moderately  high,  slightly  convex,  a  little  contracted  behind, 
with  sides  vertical  in  front  and  rounded  behind;  cephalic  part  slightly 
inclined;  thoracic  falling  gradually  in  the  first  two-fifths, then  steeply. 
Ocular  area  occupying  nearly  one-half  cephalothorax,  one-third 
wider  than  long,  equally  wide  in  front  and  behind.  Anterior  eyes 
sub-touching,  in  a  slightly  curved  row,  the  middle  twice  as  large  as 
the  lateral  eyes:  eyes  of  second  row  halfway  between  lateral  and  dor- 
sal eyes;  dorsal  as  large  as  lateral  eyes,  a  Uttle  further  from  each 
other  than  from  lateral  borders,  forming  a  row  as  wide  as  cephalo- 
thorax  at  that  place.  Chi)eus  inclined  Imckward,  one-third  as  high 
as  middle  eyes.  Falces  as  wide  as  the  two  middle  eyes,  as  long  as 
face,  vertical,  parallel.  Maxilla3  enlarged  and  blunt  at  extremity, 
parallel  Labium  two-thirds  as  long  as  maxillae,  perhaps  a  little  longer 
than  ^vide,  contracted  and  rounded  at  tip.  Sternum  one-fourth 
longer  than  wide,  truncated  in  front.  Anterior  coxa3  separated  by 
more  than  width  of  labium.  Legs  of  the  first  and  second  pairs  slightly 
stoutest;  femoral,  tibial  and  metatiirsal  spines  on  the  four  pairs;  met- 
atarsi of  the  fourtli  spined  throughout  their  length. 

Coloration:  Cephalothorax  black  with  lower  sides  white,  a  wliite  band 
above  anterior  eyes,  another  behind  dorsal  eyes,  and  a  white  spot  in 
the  middle  of  the  cephalic  part.  Clypeus  and  falces  covered  with 
white  }iaii*s.  Abdomen  with  the  anterior  tliird  and  the  apex  black, 
while  the  remaining  portion  is  covered  with  bright  yellowish  brown 
hairs;  there  are  four  transvere  white  bands;  two  cross  the  anterior 
black  region,  one  the  brown  region,  and  one  separates  the  brown 
from  the  black  region  at  the  ai)ex.  Palpi  Ught  brown  with  thin  white 
hairs.  Mouthparts  and  coxa)  light  brown  or  pale.  Sternum  dark 
brown.  Venter  brown  with  a  whitish  longitudinal  band  on  each 
side.  Legs  brown  with  blackish  bands  antl  some  short  wliite  hairs. 
Not  wishing  to  found  a  new  genus  upon  an  immature  specimen  we  put 

this  species  in  the  genus  Atlas  Walck. 
Habitat:    Mexico. 
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SYNEMOSYNA    (Hentz)    1832. 

Cephalothorax  low,  twice  as  long  as  wide,  rounded  and  narrower  behind; 
thoracic  and  cephalic  part  not  separated;  thoracic  part  plainly  divided 
by  two  transverse  constrictions  and  mucli  longer  than  cephalic  — 
sometimes  twice  as  long.  Quadrangle  of  eyes  but  little  wider  than 
long  and  a  little  wider  behind  than  in  front.  First  row  of  eyes  a  lit- 
tle curved;  middle  eyes  touching,  and  three  times  as  large  as  lateral 
eyes,  from  which  they  are  shghtly  separated.  Eyes  of  second  row 
small  and  a  little  nearer  lateral  than  dorsal  eyes.  Dorsal  eyes  larger 
than  lateral  and  further  from  each  other,  than  from  lateral  borders, 
forming  a  row  as  wide  as  cephalothorax  at  that  place.  Clypeus 
about  one-fourth  as  high  as  middle  eyes.  Falces  short,  rather  weak, 
vertical,  parallel;  fang  weak.  Maxillas  slightly  enlarged  and  trun- 
cated at  extremity,  about  twice  as  long  as  labium.  Labium  as  wide 
as  long,  rounded.  Sternum  long,  rather  narrow,  truncated  in  front, 
contracted  behind,  projecting  between  anterior  coxa;.  Anterior 
coxsB  separated  by  at  least  the  width  of  the  labium  at  its  base.  Legs 
(4)  4,  1,  3,  2,  (?)  4,  3,  1,  2,  all  slender;  tibisB  and  metatarsi  of  the 
first  and  the  second,  with  two  rows  of  inferior  spines.  Abdomen  long, 
rounded,  slender,  with  a  marked  constriction;  pedicle  of  abdomen 
visible  from  above.  Synemosy^na  differs  from  the  other  genera  of 
ant-like  Attidae,  in  the  following  respects:  Synageles  Sim,,  Leptor- 
chestes  (Thorell)  Sim.,  Danicetas  Peckham,  all  have  the  quadrangle  of 
the  eyes  longer  than  wide,  and  the  constriction  of  the  cephaloth- 
orax wanting,  or,  if  present,  very  slight,  and  separating  the  cephalic 
and  thoracic  parts.  Agorius  Thorell  has  the  patella  of  the  first  leg 
much  elongated.  Paradamoetas  Peckham  has  no  constriction  of  the 
cephalothorax.  The  last  two  genera  resemble  Synemosyna  in  having 
the  quadrangle  a  Uttle  wider  than  long.  It  is  nearest  SaJticus  (LsitT,) 
Sim. ;  SalticuSy  however,  has  the  cephalic  part  on  a  liigher  plane  than- 
the  thoracic,  and  the  greater  length  of  the  maxillae,  and  the  labium 
being  much  longer  than  wide  also  distinguish  it  from  Synemosyna, 


SYNEMOSYNA  FORMICA    Hentz. 


Plate  VI,  figures  70,  70a. 


1^2^.:  1845.    Synemosyna /omiica  H.,  Journal  Bost.  Soc.  Nat.  Hist.,  Vol.  V, 
1846.    Janus  gibberosus  C.  K.,  Die  Arachniden,  XIH,  p.  21. 
1875.    Synemosyna  formica  H.,  Coll.    Arachn.     Writ,  by  N.  M. 

Hentz.     ed.  by  Burgess,  Boston,  p.  73. 
1883.    Synemosyna  formica  Peckham,  Descr,  new  or  little  known 

AttidaBof  U.  S.,  p.  30. 
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$  .    Total  length  3.9  mm.    Width  of  abdomen  7mm. 

Cephalothorax:  length  1.8;  width  .8;  height  .7. 

Legs  8,  2.2,  2.5,  3.2;  patella  and  tibia  of  the  first,  1;  patella  and  tibia  of 
the  third,  .9;  patella  and  tibia  of  the  fourth,  1.3;  metatarsus  and 
tarsus  of  the  fourth,  1.2. 

9     Total  length  5.4  mm.    Width  of  abdomen  1.8  mm. 

Cephalothoi-ax:    length  2.2;  width  .7;  height  .8. 

Legs  2.7,  2.2,  2.8, 3.5;  patella  and  tibia  of  the  first,  1;  patella  and  tibia  of  the 
third,  1.1;  patella  and  tibia  of  the  fourth,  1.7;  metatarsus  and  tarsus 
of  the  fourth,  1.5. 

Cephalothorax  with  one  constriction  a  little  way  behind  the  dorsal  eyes, 
and  another  just  in  front  of  the  juncture  of  the  thoracic  part  with 
the  abdominal  i>edicle;  abdomen  wnth  a  deep  constriction  before  the 
middle,  posterior  to  which  it  is  enlarged  and  rounded. 

Coloration:  Cephalothorax  brown,  Hght^^r  on  the  upper  surface,  some- 
times blackish  on  the  sides,  smooth,  glabrous,  \^th  a  few  short 
white  hairs  in  the  eye  region;  abdomen  in  front  of  the  constriction 
pale  rufus,  with  a  darker  longitudinal  band  on  the  upper  surface; 
behind  the  constriction  b  ack  with  a  pale  band,  wliich  is  narrow  in 
the  6  ,  but  in  the  ?  is  wider,  occupying  the  anterior  sides  and  curv- 
ing downward  under  the  venter;  clyx)eus  blackish;  falces  black  with 
pale  edges;  maxilla9  and  labium  black,  edged  with  white;  sternum 
pale  anteriorly,  blackish  beliind;  venter  pale  in  front,  black  toward 
apex.  Legs  of  the  first  pair  pale  vdth  an  internal  and  external 
black  line  on  the  femur,  patella  and  tibia;  second  all  pale;  third 
pale,  excepting  femur,  which  is  light  rufus;  fourth  femur  rufus, 
patella  pale  at  proximal,  blackish  at  distill  end,  tibia  proximal  end 
blackish,  shading  into  pale  toward  metatarsus,  metatarsus  and  tarsus 
pale. 
Habitat:    United  States. 


SYNAGELES  PICATA    Hentz. 


Plate  VI,  figure  71. 


Syn,:    1845.    Synemosyna  picata  H.,  Journal  Bost.  Soc.  Nat.  Hist.  Vol.  V. 
1875.  **  "    id.,  coll.  Arachn.  Writ  by  N.  M.  Hentz, 

ed.  by  Burgess,  Boston,  p.  75. 
9  .     Total  length  4.2  mm.     Width  of  abdomen  1.5  mm. 
Cephalothorax:  length  2;  width  .9;  height  .7. 

Relative  lengtli  of  legs  4,  3,  1,  2. 

Ocular  area  occupying  a  httle  more  than  one-half  of  cephalothorax,  plainly 
longer  than  wide,  and  a  little  wider  behind  than  in  front.  Anterior 
row  of  eyes  very  slightly  curved;   lateral  less  than  one-half  as  large 
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as  middle  eyes,  and  slightly  separated  from  them;  eyes  of  second  row 
twice  as  far  from  dorsal  as  from  lateral  eyes;  dorsal  eyes  further 
from  each  other  than  from  lateral  borders.  Clypeus  fully  one-lialf 
as  high  as  middle  eyes,  vertical.  Falces  extending  in  width  to  inner 
edges  of  lateral  eyes,  a  little  longer  than  face,  vertical,  parallel. 
Maxillae  enlarged  and  blunt  at  extremity;  labium  semi-circular. 
Sternum  twice  as  long  as  wide,  contracted  in  front  and  behind.  An- 
terior coxae  separated  by  scarcely  the  width  of  the  labium.  Abdomen 
with  a  constriction  in  front  of  the  middle. 

Coloration:  Eye-region  black  with  violet  reflections;  thoracic  part  reddish- 
brown  with  a  short,  transverse  white  band  behind  dorsal  eyes.  An- 
terior segment  of  abdomen  reddish-brown;  posterior  segment  glisten- 
ing black  with  two  white  bands  which  begin  at  the  constriction  and 
curve  downward  over  the  sides.  Venter  with  a  semi-circular  green- 
ish-yellow spot  behind  the  epigynum. 

Habitat:    North  Carolina,  Alabama,  Wisconsin. 


SYNAGELES  SCORPIONA    Hentz. 
Plate  VI,  figures  72,  72a. 

Syn:  1845.    Synemosyna    acorpiona  H.,  Journal  Bost.  Soc.  Nat.    Hist., 

Vol.  V. 
1875.  **  "  id.,   <:k)ll.   Arachn.  Writ,  by   N.  M. 

llen\Zy  ed.  by  Burgess,  Boston, 
p.  74. 

i  .    Total  length  8.4  mm.     Width  of  abdomen  5  mm. 

Cephalothorax:  length  1;  width,  8;  height,  4. 

Legs  2,  1.5,  1.5,  2.6. 

9 .    Total  length  3.5  mm.    Width  of  abdomen  1.2  mm. 

Cephalothorax:  length,  1.4;  width,  8;  height,  5. 

Patella  and  tibia  of  the  first,  1;  patella  and  tibia  of  the  third,  8;  patella  and 
tibia  of  the  fourth,  1.1;  metatarsus  and  tarsus  of  the  fourth,  8. 

Ocular  area  occupying  nearly  two-thirds  of  the  cephalothorax,  a  little  more 
than  one-third  longer  tlian  wide,  and  wider  behind  than  in  front. 
Anterior  row  of  eyes  very  slightly  curved,  lateral  about  one-half  as 
large  as  middle  eyes  and  separated  from  them  by  one-fourth  their 
own  diameter;  eyes  of  second  row  not  quite  twice  as  far  from  dorsal 
as  from  lateral  eyes;  dorsal  eyes  further  from  each  other  than  from 
lateral  borders.  Clypeus,  ( 6 )  less  than  one-half,  ( 9  )  one-half  as  high 
as  middle  eyes,  vertical.  Falces  as  wide  as  the  two  middle  eyes, 
about  as  long  as  the  face,  vertical,  parallel.  Maxillae  rather  long,  a 
little  enlarged  at  extremity,  (  $  )  truncated,  ( ?)  rounded;  anterior  coxae 
separated  by  more  than  the  width  of  labium.  First  legs  a  little  the 
stoutest,  dark. 
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Coloration:  S .  Cephalothorax  brown;  abdomen  brown  anteriorly,  en- 
circled by  a  white  line  in  front  of  middle,  behind  which  it  is  black- 
ish; other  parts  brown  excepting  a  pale  spot  on  the  anterior  part  of 
the  venter.  $  .  Cephalothorax  brownish  with  the  eyes  on  black 
spots;  abdomen  pale  with  two  short,  curved,  d&rk  bands  near  the 
spinnerets;  falces  brownisli,  venter  pale  with  a  dark  region  near  the 
spinnerets;  legs  brown  above,  pale  beneath;  other  parts  all  pale. 

Habitat:    New  York,  Ohio,  North  Carolina. 


SALTICUS  EPHIPPIATUS    Hentz. 
Plate  VI,  flgiire  78. 

Syn,:  1845.    Synemosyna  ephippiata  H.,  Journal  Boston  Soc.  Nat.  Hist. 

Vol.  V. 
1846.    Salticus  alhodnctus  C.  K.,  Die  Arachinden,  XIII,  p.  86. 
1875.    Synemosyna  ephippiata  B..,  Coll,  Arachn,  Writ,  by  N.  M. 

Hentz.     Ed.  by  Burgess,  Boston,  p.  74. 

i  .    Total  length  5.2  mm.    Width  of  abdomen  1.4  mm. 

Cephalothorax:  length  2.4;  width  1.4;  height  1.2. 

Legs  5.3,  4.1,  4.5,  6.1;  patella  and  tibia  of  the  first,  2.4;  patella  and  tibia  of 
the  third,  1.8;  patella  and  tibia  of  the  fourth,  2.6;  metatarsus  and 
tarsus  of  the  fourth,  2. 

Cephalothorax  moderately  high  and  slightly  convex;  sides  almost  parallel; 
ocular  area  very  slightly  wider  tlian  long,  and  equally  wide  in  front 
and  behind;  anterior  eyes  small,  in  a  straight  row;  lateral  about  one- 
half  as  large  as  middle  eyes,  separated  from  them  by  one-foiu^h  their 
own  diameter;  eyes  of  second  row  lialfway  between  lateral  and  dor- 
sal eyes;  dorsal  nearly  as  large  as  lateral  eyes,  and  a  little  nearer 
each  other  than  lateral  borders.  Clypous  less  than  one-fourth  as 
high  as  middle  eyes.  Falces  wider  than  first  row  of  eyes,  more  than 
three  times  as  long  as  face,  inchned  forward,  diverging;  fang  as  long 
as  falx.  Maxillae  long,  slender,  blunt  at  tip,  about  twice  as  long  as 
wide,  parallel.  Labium  less  than  one-half  as  long  as  maxillae,  about 
as  wide  as  long,  blunt.  Sternum  narrow,  and  more  than  twice  as 
long  as  wide.  Anterior  coxae  separated  by  width  of  labium.  Legs 
all  slender  and  long;  tibial  and  metatarsal  spines  on  the  four  pairs; 
the  metatarsi  of  the  fourth  spined  throughout  their  length.  Abdo- 
men with  a  constriction  in  front  of  middle. 

?     Total  length  5  mm.    Width  of  abdomen  1.2  mm. 

Cephalothorax:  length  2.2;  width  1.2;  height  1. 

Legs  3.8,  8.1,  8.4,  5.3;  patella  and  tibia  of  the  first,  1.8;  patella  and  tibia  of 
the  third,  1.3;  patella  and  tibia  of  the  fourth,  2;  metatarsus  and  tar- 
sus of  the  fourth,  2. 
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Clypeus  one-fourth  as  high  as  middle  eyes.  Falces  extending  in  width 
only  to  the  inner  edges  of  the  lateral  eyes,  as  long  as  the  face,  par- 
allel, and  slightly  inclined  forward;  fang  short.  Maxillae  less  than 
twice  as  long  as  wide.     Labium  more  than  one-half  as  long  as  maxillse. 

Coloration:  Cephalothorax  brownish;  abdomen  brown  in  front  of  con- 
striction, black  behind,  encircled  by  a  white  line  at  the  constriction; 
falces  dark  with  white  hairs;  clypeus,  mouthparts,  sternum,  coxas 
and  venter  brown;  legs  with  a  tinge  of  yellow. 

Sabitat:    Pennsylvania,  New  York,  Alabama. 


LYSSOMANES    Hentz. 

Sjpi,:    1844.     LYSSOMANES  Hentz,  Journal  Boston  Soc.  Nat.  Hist.,  Vol.  IV. 

Cepalothorax  moderately  high,  sloping  downward  behind  and  on  the  sides 
from  the  caput,  about  one-third  longer  than  wide,  (general  form 
oval.     Caput  occupying  one-half  or  nearly  one-half  of  cephalothorax. 

Eyes  arranged  in  four  transverse  rows  of  two  each.  Eyes  of  first  row  close  to- 
gether, from  two  to  three  times  as  as  large  those  of  second  row,  occu- 
pying the  entire  face.  Second  row  just  behind  first  and  about  as  wide 
(sometimes  a  httle  wider  or  narrower).  Third  row  composed  of  two 
very  small  eyes,  plainly  nearer  the  second  than  the  fourth  row,  nar- 
rower than  the  second  and  wider  than  the  fourth.  Eyes  of  fourth 
row  about  as  large  as  those  of  second  and  nearer  together;  quadran- 
gle formed  by  second  and  fourth  rows  as  wide  aa  long,  or  from  one- 
fourth  to  one-third  wider. 

Sternum  somewhat  heartshaped;  length  and  width  about  equal.  Coxsb 
separated  by  the  width  of  the  labium  and  part  or  all  of  the  maxillae. 
Maxillae  slightly  enlarged  at  extremities.  Labium  about  as  wide  as 
long  or  a  little  longer  than  wide.  Abdomen  long,  slender,  tapering; 
spinnerets  short.  Legs  usually  long  and  slendpr;  relative  length 
variable.  Long  and  slender  femoral,  tibial,  metatarsal  and  usually 
patellary  spines  on  the  four  pairs. 


LYSSOMANES  VIRIDIS    Hentz. 

Syn.:  1844.     Lyssomanes  viridis  Hentz,  Jour.  Boston  Soc.  Nat.  Hist.,  Vol. 

IV. 
1875.  "  "        id.,  CoU.  Arachn.  Writings.     Ed.  by  Bur- 

gess,* Boston,  p.  49. 
S  .     Total  length  6.5  mm.     Width  of  abdomen  1.5  mm. 
Cephalothorax:  length  2;  width  2;  height  1.3. 

Legs  12,  9.5,  8.5,  8;  patella  and  tibia  of  the  first,  4.5;  patella  and  tibia  of 
the  third,  8;  patella  and  tibia  of  the  fourth,  3;  metatarsus  and  tarsus 

of  the  fourth,  8.2.     Falx  2.5. 
G 
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9  .    Total  length  8  mm.    Width  of  abdomen  2.4  mm. 
Cephalothorax:  length  3;  width  2.6;  height  1.8. 

Legs  10.5,  9,  8.3,  8;  patella  and  tibia  of  the  first,  4.5;  patella  and  tibia  of  the 
third,  3;  patella  and  tibia  of  the  fourth,  3;  metatarsus  and  tarsus  of 
the  fourth,  3.4. 
Coloration:    Cephalothorax  and  abdomen  light  yellow;  cephalothorax  with 
a  slender,  central,  dark,  longitudinal  line  on  the  thoracic  part;  eyes 
of  second  and  third  rows  on  black  tubercules.    Abdomen  with  six 
black  dots  (sometimes  wanting)  arranged  in  two  longitudinal  rows. 
There  are  some  orange  colored  hairs  around  the  anterior  eyes,  and  in 
the  male  the  falces  are  reddish  in  front.     The  other  parts  are  light 
yellow. 
Hentz  describes  this  species  as  being  tender  grass-green.    The  color  prob- 
ably changes  in  alcohol. 
Habitat:    Southern  United  States. 


DESCRIPTION  OF  PLATES. 


PLATE  I. 


1.       Phidippus  morsitans,  ?  ;  la,  epigyniun. 

2a.  **  rufus,  epigynum. 

8.  **  galathea,  $ ;  3a,  epigynum. 

5.  **  obscurus  9 . 

6.  **  minatus,  9 ;  6a,  epigynum. 
8.  **  ranterbergii,  9 . 

10.  **  arizononsis,    S . 

12,  *'  insolens,  9 . 

18.  "  albomaculatus,  9 , 

14.  "  johnsonii,  9 . 

15.  "  otiosus,  9 . 

16.  PhiliBUS  farneus,  9  . 

17.  **  fartiUs,  ?. 

18.  **  mexicanus,   9 . 

19.  **  mihtaris,  9 . 
19a.  **  ''6. 

20.  **  chrysis,  9 . 

22.  "  rimator,  ?. 

23.  Plexippus  puerperus,  s  .    (Figure  blurred  on  plate.) 
23a,  "  **  9. 
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23.      Deadryphantes  capifatus,  s . 

2Sa,  23b.  "  "  F ,  two  varieties. 

87.  "  flavuB,  s . 
80.      Attue  palustris,  ;  . 

82.      Icius  lineatuB,  s  ■ 

88.  IciuB  palmamm,  9  . 

84.  "      mitratus,   t . 

85.  "      pitaticUB,   1 . 
33a.      "      albovittatus,  i. 

86.  Pseudjcius  barfordii,  9 . 


Eriao< 

40a.  "  '■       &. 

42.    Habroceetum  coecatum,  ;  . 

viridipee,  ; . 

peregrmum,  i , 


45. 

auratum,  i. 
splendens,  ; . 
SO.      Saitispulex,  {. 
00a.        '*        "        s. 
61.      Prostheclina  cambridgii,  ;  . 
K3.      Astia  vittata,  9- 
Baa.        "        "        i. 
Aetia  moroea,  ; . 
CjUea  minuta,  i. 
C^ba  tceniola,  9 . 
Epiblemuin  scunifimi,  i. 
Admesliiia  wheelerii,  S . 
Hycliapikei,  ; 
Harptuaa  familiaris,  9 . 
"  califomica,  ; . 

HeuemeruameloiiagiiBthvu,  i. 
"  i. 

"  pajkuUi,  9 . 

Homalattus  cjaneus,  S . 
NeoQ  oeelii,  s . 
Ballus  foungii,   9 . 
Zygoballua  Bexpiinctatus,  i . 
"  bettini,  9. 

"  •'       S. 

Agobardua  aaormahs,  9 . 
Sadala  distincta,  i , 
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PLATE  II. 

1.  Phidippus  morsitans,  6  palpus. 

2.  **  rufus,  6  palpus. 

4.  "          cardinalis,  $  palpus 

5  **          obscurus  epigynum. 

7.  **  mexicanus,  S  palpus. 

8.  ***  rauterbergii,  epigynum. 

9.  **  mc  'cookii,  epigyniun. 

10.  **  arizonensis,  S  palpus. 

11.  **  opifex,  epigyniun. 

12.  **  insolens,  palpus  of  ^  ;  12a  epigynum. 

13.  **  albomaculatus,  epigynum. 

14.  **  johnsonii,  palpus  of  S  ;  14a  epigynum. 

15.  "  octopunctatus.  S  palpus. 
15a.  **          otiosus,  epigynum. 

16.  PhilsBus  fameus,  epigynum. 

17.  Philaeus  fartilis,  epigynum. 

18.  **        mexicanus,  epigynum. 

19.  "        militaris,  palpus  of  $  ;  19a  epigynum. 

20.  **        chrysis,  6  palpus. 

28.  Plexippus  puerperus,  $  palpus;  23a,  tibia  of  6  palpus.    For  epigynum 
see  Plate  III,  fig.  23b. 


PLATE  III. 

20a.  Philaeus  chrysis,  epigynimi;  — aurecalceu8=chrysiB. 
21.  **  princeps,  epigynum. 

23b.  Plexippus  puerperus,  epigynum. 

24.  **  putnamii,  $  palpus. 

25.  Dendryphantes  capitatus,  palpus  of  6  ;  25a,  epigynum. 

26.  "  elegans,  palpus  of  $  ;  26a,  epigynum;  26b,  first  leg  of 

$ .     For  mouthparts  and  f  alces  of  $  see  Plate  FV, 
fig.  26c. 

27.  Dendryphantes  flavus,  epigynum;  27a,  mouthparts  and  f alces  of   ?  . 

28.  Dendryphantes  multicolor,  epigynum;    2Sa   mouthparts  and  f alces 

of  ?. 

29.  Dendryphantes  alboimmaculatus,  epigynum. 
29a.  **  flavipedes,  6  palpus. 

30.  Attus  palustris,  palpus  of  6  ;  30a,  epigynum. 

81.  "     imperialis,  $  palpus;  31a,  mouthparts  and  f alces  of  $  . 

82.  Icius  lineatus,  $  palpus;  32a,  same,  from  one  side;  32b,  epigynum. 


"\ 


Attid(B  of  North  America.  101 

83.      Icius  palmarum,  palpus  of  6  ;  33a,  eplgynum. 

34a.        **     mitratus  epigynum.    For  i  palpus  see  Plate  IV,  fig.  34. 

86.  Pseudicius  harf ordii,  epigynum.    For  ^  palpus  see  Plate  IV,  figure 

86a. 

87.  E2ri8  octavus,  epigynum. 
89.         **    nervosus,  epigynum. 


PLATE  IV. 

26c.  Dendryphantes  elegans,  falces  and  mouthparts  of  9  . 

84.  Icius  mitratus,  S  palpus. 

35.         *'     piraticus,  $  palpus;  35a,  same  from  outer  side. 
d5d.       '*     albovittatus  6  palpus. 

86a.  Pseudicius  harfordii,  6  palpus. 

88.  Eris  barbipes,  epigynum;  38a,  first  leg  of  9  . 

40.  Hasarius  hoyi  ^  palpus;  40a,  epigynum. 

43.  Habrocestum  coecatum,  palpus  of  6  ;  42a,  epigynum;  42b,  third  leg 
of  i  from  behind. 

43.  Habrocestum  viridipes,  6  palpus;  43a,  epigynum. 

44.  **  peregrinum  S  palpus;  44a,  patella  of  third  leg  of  vari- 

ety 1;  44b,  same'^of  variety  2. 

45.  «<  cristatimi,  epigynum. 

46.  '*  auratum,  epigynum;  46a,  S  palpus;  46b,  mouthparts 

and  falces  of  6  . 

47.  **  hirsutum,  first  leg  of  6  ;  47a,  6  palpus. 


PLATE  V. 

48.  Habrocestum  splendens,  6  palpus;  48a,  epigynum. 

49.  **  oregonense,  S  palpus;  49a,  first  leg  of  ^  . 

50.  Saitis  pulex,  epigynum;  50a,  ^  palpus. 

51.  Prostheclina  cambridgii,  6  palpus;  51a,  epigynum. 

52.  Astia  vittata,  S  palpus;  52a,  epigynum. 

53.  "       morosa,  S  palpus;  53a,  epigynum. 

54.  Mae  via  calif  ornlca.,  6  palpa^;  oU,  m^iithparts  and  falces. 

55.  Cytaea  minuta,  6  palpus;  5oa,  epigynum. 

56.  Cyrba  tseniola,   i   palpus;    56b,  mouthparts  and  falces  of    ? .     For 

epigynum  see  Plate  VI,  fig.  56a. 

58  Admestina  wheelerii,  6  palpus. 

59.  Hyctia  pikei,  ^  palpus.    For  epigynum  see  Plate  VI,  fig.  59a. 

60.  Marptusa  familiaris,  ^  palpus.    For  epigynum,  see  Plate  VI,  fig.  60a. 

61.  **  calif  omica,  d  palpus.   For  epigynum,  see  Plate  VI,  fig.  61a. 
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PLATE  VI. 

66a.  Cyrba  tsBiiiola,  epigynum. 

57.  Epiblemum  scenicum,  epigynmu. 

69a.  Hyctia  pikei,  epigynum. 

GOa.  Marptusa  familiaris,  epigynum. 

61a.  **  calif omica,  epigynum. 

62.  Menemerus  melanognathus,  6  palpus;  62a,epigynum. 

68.  "  paykuUii,  6  palpus;  63a,  epigynum. 

64.  Homalattus  cyanens,  6  palpus;  64a,  epigynum. 

65.  Neon  nellii,  S  palpus. 

66.  BaUus  youngii,  $  palpus;  66a,  same  frpm  one  side;  66b,  epigynum. 

67.  Zygoballus  sexpunctatus,  mouthparts  and  falces  of  6  ;  67a,  6  palpus. 

68.  **  bettini,  s  palpus;  68a,  epigynum;  68b,  falcep  and  mouth- 

parts  of  S . 

70.  Synemosyna  formica,  $  palpus;  70a,  epigynum. 

71.  Synageles  picata,  epigynimi. 

72.  **  scorpiona,  epigynum;  72a,  $  palpus. 
78.  Salticus  ephippiatus,  6  palpus. 

74.  Agobardus  anormalis,  6  palpus. 

76.  Sadala  distincta,  S  palpus. 


^ 
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THE  MORELS  AND  PUFF-BALLS  OF  MADISON. 


By  WILLIAM  TRELEASE. 


To  facilitate  the  work  of  collectors  engaged  with  the  ciyptogainic  botany 
of  the  state,  a  preliminary  list  of  the  parasitic  fungi  of  Wisconsin  was  pre- 
sented to  the  Academy  at  its  meeting  in  the  winter  of  1882 J  In  continu- 
ation of  that  list,  the  following  descriptions  of  non-parasitic  species  are 
offered  for  publication.  The  groui)6  that  liave  been  selected  are  not  closely 
related,  as  might  have  been  inferred  from  their  trt^atment  in  a  single  jMii^er, 
nor  do  they  include  many  species:  but  they  ^xMisess  some  general  interest 
because  the  majority  of  the  species  are  edible,  and  they  derive  scientific 
interest  from  the  fact  that  their  discrimination  is  attended  with  consider- 
able difficulty. 

Several  correspondents  have  favored  me  witli  tlielr  collections  for  study, 
and  I  am  under  e8i)ecial  obligation  in  this  resixKit  to  Dr.  J.  J.  Brown  of 
Sheboygan.  The  names  that  have  been  adopted  rest  upon  a  com|)arison  of 
our  specimens  with  the  rich  collections  of  Professors  C.  H.  Peck,  of  the 
New  York  State  Museum,  and  W.  G.  Farlow,  of  Harvard  University,  the 
latter  of  which  includes  the  Curtis  lierbarium,  and  lience  contains  types  of 
the  species  of  Berkeley  and  Curtis,  described  in  Grevillea.  My  thanks  are 
also  due  these  gentlemen  for  the  use  of  papers  not  otherwise  accessible  to 
me,  and  for  opinions  on  doubtful  forms.  Simihir  opinions  have  also  been 
given  by  the  late  Dr.  G.  Winter,  of  Comrewitz,  Germany,  Professor  P.  Mag- 
nus, of  Berlin,  and  Dr.  M.  C.  Cooke,  and  Mr.  George  Massee,  of  London;  but 
for  the  nomenclature  adopted  I  am  i)ersonally  responsible.  While  it  is  l)e- 
lieved  that  the  names  employed  are  in  accordance  with  the  opinion  of  the 
best  authorities  on  American  fungi,  it  is  by  no  means  certain  tluit  refer- 
ences to  the  older  European  names  are  in  all  instances  alx)ve  suspicion,  for 
many  descriptions  and  figures  are  insufficient,  and  the  paucity  of  authen- 
tic specimens,  as  well  as  the  poor  state  of  preservation  of  some  of  tliose 
extant,  contribute  to  the  general  uncertainty. 

I.     MORELS. 

Order  ASCOMYCETES.    SiU>Order  Discomycetek. 

The  popular  name  of  Morel  corresponds  to  the  genus  Morchella,  which 
comprises  flesliy  fungi  with  a  rather  stout  lioUow  stem,  bearing  at  tlie  top 
a  dilated  round  or  conical  head,  reticulated  by  i>rominent  ridges  that  sepa- 

1  TransactioiiB,  vi,  106.  Reprinte  of  the  paper  were  issued  early  in  November  1884,  in 
advance  of  the  volume. 
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rate  coarse  depressions.  Tliis  head,  or  pileus,  is  covered  externally  by- 
elongated  sterile  Inxiies  (jjaraphyses)  and  oblong  spore-sacs  (asci),  both  mi- 
croscopic. In  our  species  the  asci  contain  eight  ellipsoidal  spores  each;  but 
others  are  known  in  wliich  only  two  spores  are  found  in  each  ascus. —  The 
two  siDecies  that  have  been  collected  about  Madison  are  distinguished  by  the 
character  of  the  ijileos. 

Pileus  aduate.  to  the  stipe,  coarsely  pitted AT  esculenta . 

Pileus  free,  at  least  for  its  lower  lialf,  longitudinally  ribbed M.  hybrida. 

1.  MoRCHELLA  ESCULENTA  (Micli.)  —  Stii>e  stout,  somewhat  mealy  or 
furfuraceous.  Pileus  variable,  round  to  conical,  regularly  and  coarsely 
pitted.  Spores  10—13.5x1  ~ — 23// .  —  Mostly  in  white  oak  wooils ,  in  the  spring. 
Reported  in  Bundy's  list  of  Wisconsin  fungi. ' 

In  the  commonest  form  the  plant  is  two  to  four  inches  high,  with  the 
stipe  and  pileus  of  nearly  equal  lengtli;  the  latter  oblong,  obtuse,  and  not 
much  dilated.  Another  tyi)e,  which  is  not  uncommon,  is  rather  shorter, 
with  the  [)ileus  considei*ably  dilated  and  nearly  spherical.  In  a  less  fre- 
quent form  it  is  elongated  and  decidedly  conical.  All  are  found  in  open  dry 
woods,  and  are  most  abundant  under  or  near  wliiteoak  irees{Quercu8  alba).^ 

Occasionally  they  are  found  in  meadows,  and  I  once  collected  a  number 
of  imusually  large  specimens  on  the  side  of  a  high,  gravelly  railroad  em- 
bankment, in  company  with  Equisetum  arvense,  entirely  removed  from 
trees  of  any  kind.  Young  specimens,  with  an  elongated  smoky  pileus,  the 
tops  of  the  ridges  only  l>eing  pale,  agree  with  var.  cylindrica  as  figured  by 
Vittadini  *  who  recognized  it  as  an  immature  state. 

Figures:  —  Cooke,  Mycographia,  i,  pi.  81,  f.  312.  Exsiccatae:  —  Ravenel, 
Fungi  Carol,  i.  no.  36;  Ellis,  N.  A.  Fungi,  no.  979. 

Other  similar  sjX'cies  referred  to  by  writers  on  American  fungi  are  M. 
crasHijies  Fr.  (Bull.  Washburn  Laboratory,  i,  70),  M.  data  Fr.  (Grevillea, 
iii,  149;  Bull.  Buffalo  8oc.,  ii,  286),  M.  deliciosa  Fr.  (30  Rep.  N.  Y.  Museum, 
58),  and  M.  con  tea  P.  (Mycographia,  i.  pi.  81,  f.  315;  Cat.  Pac.  Coast  fungi, 
33;  Bull.  Washburn  Lab.  i.  70. —  M.  esculenta^  var.  conica  of  Bull.  Buffalo 
Soc.  ii,  286  and  Curtis,  Catalogue,  131).  Tiie  first  two  are  large,  the  first, 
especially,  with  a  much  inflated  stipe;  the  others  are  smaller  and  more 
delicate.  Perhaps  one  or  more  of  them  occur  among  the  Madison  speci- 
mens, but  I  am  unable  to  separate  our  plants  by  any  constant  or  good 
characters. 

2.  MoRCHELLA  HYBRIDA  (Sow.)  P.— Stipe  usually  slender  (one-fourth  to 
one-half  inch),  furfuraceous  or  smoothish,  with  more  or  less  red-brown  trans- 
verse striation.     Pileus  short  (three-fourths  inch  or  less),  conical  or  thimble 

» Report.  Geol.  Surv.  Wis.,  Vol.  1,  p.  401. 

s  Harkiiers  and  Moore  speak  of  3f.  esculenta  as  growing;:  under  oaks  CCat.  Pacific  Coast 
Funjfi,  33).  James  finds  it  usually  under  the  ash  (Ohio  Ajfric  Rep.,  1881,  97).  According 
to  Peck,  the  conunonest  form  about  Albany  is  found  under  or  in  the  vicinity  of  pines  028 
Rep.  N.  Y.  Museum,  80),  and  Day  also  finds  it  under  conifers  (Cat.  Buffalo  Plants,  152). 

<  Descrizione  dei  f  unghi  niangerecci  pifi  communi  deir  Italia,  105,  note,  pi.  13,  f .  4-5. 
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shaped,  its  lower  half  free  from  the  stipe,  longitudinally  ribbed  but  with 
few  transverse  ridges.  Spores  about  17x27//. — Damp  sliady  woods,  in 
spring;  less  common  than  the  first. 

Two  species  of  De  Cantiolle  are  included  under  this  name:  the  first,  M. 
9emilibera^  with  a  smooth  stem;  the  second,  M.  rimosipes,  furfuraceous. 
If  they  are  distinct,  our  plant  belongs  to  the  latter,  though  the  first  lias 
usually  been  recognized  as  the  American  plant.  Vittadini  *  could  not  separ- 
ate these  forms,  nor  am  I  able  to  do  so.  The  character  of  the  8tii>e  is  too 
inconstant  to  be  of  value,  at  least  in  herbarium  si)ecimens,  for  watejy 
plants,  grown  in  wet  weather,  often  have  their  translucent  stems  apparently 
nearly  or  quite  smooth  when  pressed.  Both  forms  are  represented  in  English 
specimens  distributed  by  Broome-  as  M,  semilibera.  M.  iKttxda  P.,  if  dis- 
tinct, seems  to  be  characterized  chiefly  by  the  greater  prominence  of  trans- 
verse ridges,  making  the  depressions  of  the  pileus  more  regularly  polygonal. 
M.  bispora  Sow.,  with  a  free  pendent  pileus,  which  is  found  in  New  York,' 
may  be  distinguished,  if  it  also  occurs  in  WLsconsiii,  by  having  2-s])ored  asci. 


M,  esculent  a  is  esteeme<l  for  tlte  table  by  most  persons,  and  has  usually 
been  held  to  be  entirely  free  from  the  noxious  properties  resident  in  many 
fungi.  Under  some  conditions,  however,  the  plants  may  develop  i)oirtonous 
principles;  and  when  eaten  raw,  or  even  if  the  water  has  not  been  changed 
while  cooking  them,  they  occasionally  give  rise  to  indigestion  or  symptoms 
of  poisoning.  This  is  especially  true  of  specimens  gathered  in  wet  weather, 
and  of  those  which  are  past  their  prime  or  have  been  kept  too  long  before 
cooking,  for  like  all  fleshy  fungi  they  are  readily  putrescible.  But  where 
proper  care  is  taken  in  selecting  and  cooking  the  specimens,  the  morel 
forms  an  excellent  rehsh  and  is  one  of  the  safest  of  edible  fungi.  What 
has  been  said  of  this  sjxicies  applies  generally  to  the  genus  Morchclla^  but 
I  have  eaten  none  of  the  other  species.* 

The  only  fungi  that  are  likely  to  be  confounded  with  morels  are  certiiin 
related  genera,  HleZre/Za  ^  and  Cry rom/7ra, —  which  produce  asco-sjjores  un 
the  exterior  of  the  folded  but  not  reticulately  ribl^ed  or  pitted  jiileus;  —  and 
the  stink-horn  fungi, —  si>ecies  of  the  basidiomycetous  genus  Phdllns.^  Most 
of  the  former  are  edible.     No  person  ix)ssessing  the  sense  of  smell  is  likely 

>  I.  c.  114. 

•  Rabenherst's  Fungi  Europaei,  No.  1417. 
■Peck;  80  Rep,  N.  Y.  Museum,  r,S. 

*  For  an  abstract  of  recent  papers  on  the  ncKjessity  for  caution  in  preparing  morels,  see 
Bot.  Centralblatt,  xx.  243,  and  a  pai)er  by  Bt'Jhm  and  KUlz,  in  Archiv.  fttr  experiment. 
Pathologie  und  Pharmakologie,  xix.  Heft.  6  (Abst.  in  Bot.  Zeitung,  1880,  643-4;.— Useful 
recipes  for  the  preparation  of  these  fungi  will  be  found  in  R511:  Die  24  h&uilgsten  essbaren 
Pilze.    Tabingen,  41-5. 

•  Helvella  crispa  (sometimes  said  to  be  poisonous)  occurs  in  open  woods  alx)ut  Madison, 
in  late  summer  and  fall. 

*  P.  duplicates  Bosc,  is  common  about  Madison  in  summer  and  autumn,  in  lawns,  g^rass 
l^  the  roadside,  etc. ;  and  P.  canimoi  has  been  collecteil  at  La  Crosse  by  Mr.  L.  H.  Pammel. 
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to  entertain  the  thought  for  a  moment  of  collecting  the  latter  except  under 
protest,  and  never  of  eating  them,  at  least  when  mature. 

II.    PUFF-BALLS. 

Order  BA6IDIOMYCETES.    Sub-Order  Gastkromyobtbs. 

Fungi  belonging  to  the  Family  Lycoperdaceae  are  usually,  spoken  of  as 
puff-balls,  from  the  powdery  character  of  their  spores,  that  in  most  species 
are  emitted  in  clouds  on  the  shghtest  touch.  When  young  the  plants  are 
rounded,  colorless  and  fleshy,  and  most  of  the  species  are  then  edible. 
Immature  phalloids,  already  referred  to,  may  be  mistaken  for  puff-balls, 
but  when  cut  across  they  show  a  layer  of  translucent  jelly  just  under  the 
surface.  When  ripe,  the  pretty  little  Lycogala  epidendrum,  which  is 
comm  on  about  Madison  ondecaying  wood,  and  the  subterranean  Elaph- 
omyces  granulatuSj  that  we  have  not  yet  found,  resemble,  respectively, 
Lycoperdon  and  Sclerodemia  in  their  general  appearance,  but  differ 
greatly  in  their  development  and  fructification,  the  former  belonging  to 
the  Myxomycetes,  the  latter  to  the  Ascomycetes. 

Our  species  of  puff-balls  may  be  referred  to  their  genera  by  the  appended 
key.  wliich,  it  should  be  observed,  refers  only  to  Madison  species  and 
makes  no  provision  for  those  which  occur  elsewhere: 

OutHr  peridium  forming  a  star  when  matui*e Oeanter. 

Outer  peridium  not  star-shaped. 

Spores  mixed  with  a  conspicuous  thread-like  capillitiiim.  ^ 

Entire  plant  filled   with  spores  and  threads,  the  latter  dichotomous 

from  a  main  trunk Bovisia, 

Base  usually  more  or  less  spongy  and  sterile:    threads  without  a  main 

stem Lycoperdon. 

Spores  when  ripe  without  a  fleecy  capillitium. 

Plant  with  a  solid  central  columella:    spores  brownish Secotium. 

Without  a  columella ;  spores  purj^lish Scleroderma. 

SYNOPSIS  OF  QEASTSR. 

Inner  peridium  sessile. 

Mouth  few-toothed,  not  prominent,  nor  on  a  disk O.  hygrometricus. 

Mouth  silky -striate,  conical,  on  a  round  disk G.  saccatiis. 

Inner  peridium  stalked. 

Mouth  protruding,  deeply  plicate,  plant  small    O.  Rahenhorstii. 

Mouth  not  prominent  or  pUcate,  plant  rather  large G.  limbatus. 

1.  Geaster  hyorometricus.  p.— Out^r  peridium  leathery,  usually 
irregularly  8-to-lO-rayed,  the  lobes  often  notched  or  forked  at  apex;  with  a 
thick  waxy  inner  layer  cracking  when  dry,  opening  and  closing  with 
changes  in  moisture  when  fresh.  Inner  [>eridium  sessile,  depressed,  rough- 
scurfy,  with  a  star-shaped  or  irregularly  torn,  scarcely  protruding  mouth. 
Capillitium  somewhat  anastomosing.  Spores  rough,  10  to  12  //.  in  diame- 
ter.—  PI.  1,  f.  1. —  Sandy  places,  in  summer  and  autumn. 

» For  a  comparative  study  of  the  capillitium  of  these  and  other  genera  see  Hesse: 
Jahrb.  f.  wiss.  Bot.  x.  (4),  883,  pi.  28-29;  Abet,  in  Bot.  Jahresbericht,  iv.  163. 
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,  A  poor  specimen  was  once  picked  up  on  the  shore  of  Fourth  Lake.     The 

qiecies  is  also  reported  from  WisconHin  by  Bundy,  and  luis  btjen  collected 

•  at  La  Crosse  (Pammel),  River  Falls  {King),  and  Sparta  {Minn  Bone  Schuster): 
it  ranges  over  the  entire  country,  from  the  Atlantic  to  the  Pacific,  and  is 
abundant  in  Europe. 

Figures:  —  Morgan,  American  Naturalist,  xviii,  969,  f.  12;  Trelease,  St. 
Nicholas,  xiii,  875,  f.  2.  JF>ifiVoa/<ie:  —  Ravenel,  Fungi  Carol.,  iii,  No.  75; 
Fungi  Amer.  No.  471;  Von  Thuemen,  Mycotheca  Universalis,  No.  110;  Ellis, 
N.  A.  Fungi,  No.  108. 

2.  Geaster  sacc'ATUS  Fr. —  Outer  i)eridium  usually  eight  to  ten  lobed, 
the  sinuses  extending  lialfway  to  the  hose,  the  lobes  reflexe<l;  varying  from 
cream-color  to  dark  brown,  the  darker  si)ecimenH  occasionally  white-striped 
on  the  outside  from  the  cracking  of  the  outermost  layer.  Inner  peridium 
usually  a  little  paler,  sub-globose.  Mouth  prominent,  conical,  on  a  distinctly 
marked  disk,  silkystriate,  sometimi»8  darker  tlian  the  rest  of  the  peridium. 
Spores  brown,  semi-opaque,  coarsely  warted,  3.7  to  5  ^.  PI.  1,  f.  2.  Abun- 
dant in  damp  woods.    August  and  September. 

This  species,  extremely  variable  in  size  and  color,  has  lM»en  variously  re- 
ferred by  writers.  The  tyi)e  (represented  in  the  Lapliam  herliarium,  from 
the  Penokee  Iron  Range)  is  larger  and  coarser  than  our  form,  which  corre- 

•  sponds  nearly  to  G.  vittatun,  Kalchbr.,  but  the  white  striping  of  the  outer 

•  peridiiun  is  exceptional,  for  8i)ecimens  growing  together  differ  in  this  re- 
spect, though  evidently  belonging  to  a  single  species.  In  size  and  general 
appearance  our  plant  resembles  Q.  fimbriatus  Fr.,  the  mouth  of  which,  as 
indicated  in  descriptions  and  shown  by  Eur(>i)ean  exsiccatae,  is  less  promi- 
nent and  not  on  a  sharply  limited  disk. 

Figures: — Morgan,  I.  c.  968,  f.  9.  £'.r/»*ccrt/ffc:— Riivenel,  Fungi  Carol., 
i,  no.  77. 

3.  Geaster  Rabenhorstii  Kunze. — Small.  Outer  peridium  at  length 
papery,  whitish  buff,  mottled  with  dark  brown;  divided  into  six  to  eight 
strongly  reflexed  lobes.  Inner  i)eridium  lead-color  or  brown,  distinctly 
stalked  with  a  prominent  aiK)physis  at  summit  of  stiiK*.  Mouth  (*onical  or 
cylindrical,  deeply  furrowed  longitudinally.  SiK>re8  dark  brown  and 
opaque,  irregularly  globose,  coarsely  papillate,  4.5  to  5//. —  PL  1,  f.  3. — 
Sandy  woods. 

Found  once  in  small  numlK»rs  under  a  clunij)  of  larclies  on  the  Univer- 
sity grounds.  I  have  seen  tlie  same  i>lant  in  the  collection  of  Professor 
Peck,  at  Albany.  It  has  doubtless  often  ixissed  for  a  small  form  of  G. 
8triatus(DC.),  and  is  referred  to  that  species  by  Peck  (38  Kep.  N.  Y.  Mu- 
seum, 94).  It  is  G.  Schmidrli  Vitt.  of  Winter's  Kryptogamen  Flora,  and 
may  really  be  the  plant  figured  by  Vittadini. 

4.  Geaster  limbatus  Fr. —  Large.  Outer  j)eri(lium  seven  or  eight  lol)ed, 
■      the  segments  strongly  reflexed  but  with  incurved  tips.     Inner  peridium 

brownish  or  gray,  glolK>se  or  soniewliat  de[>ressed,  raised  on  a  short  com- 
.  pressed  slightly  ap<:)phy8ate  stipe.     Moutli  fimbriate,  on  a  more  or  less  evi- 
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dent  disk.  Spores  less  opaque  and  more  finely  granulated  than  in  the  last, 
4  /i. —  PI.  1,  f.  4. —  Open  woods.  Wisconsin  specimens  collected  by  Bundy, 
also  occur  in  the  herbarium  of  Professor  Peck. 

Figures: — Morgan,  L  c.  967,  f.  6.  Exsiccatae: — Ellis,  N.  A.  Fungi,  no. 
1309. 

Chaster  bryantii,  B.,  reported  by  Bundy  in  Rep.  Geol.  Surv.  i,  899,  presumably  on  speci- 
mens of  G.  Umbattis,  in  similar,  but  with  an  elong^ated  mouth  plicate  as  in  G.  RabenhoratU^ 
and  with  a  delicate  cup  at  base  of  the  stipe  which,  in  typical  specimens,  is  also  surrounded 
by  a  hanging  collar-like  fold  below  the  apophysis. 

Oeaster  atriatus  (DC),  also  recorded  by  Bundy,  perhaps  a  specimen  of  G.  aaccatus,  re- 
sembles that  sx>ecies  in  its  general  features,  but  the  inner  peridium  is  more  or  less  stalked 
and  the  mouth  plicate,  while  the  outer  peridium  is  not  saccate  at  base. 

Geaster  triple:e  Jungh.,  which  is  represented  in  the  Lapham  herbarium  by  a  specimen 
without  date  or  locality,  is  recognized  by  a  lacerated  cup-like  intermediate  layer,  which 
gurrounds  the  base  of  the  inner  peridium.  It  should  be  observed  that  a  similar  but  incon- 
stant and  much  smaller  middle  peridium  is  occasionally  seen  in  the  vittatus  form  of  G.  scu:- 
catua  as  it  occurs  about  St.  Louis,  and  is  figured  in  G.  hygrometricua  by  Corda  (Icones 
Fungorum,  vi,  pi.  4,  f.  42,  nos.  ld-17;. 


Synopsis  op  Bovista. 

Less  than  1  in.  in  diameter;  spores  obovoid,  long-pedicelled  —  B.  plumbea. 
Over  1  In.  in  diameter;  spores  globose,  short-pedlcelled— 5.  pUa. 

1.  Bovista  plumbea  P. —  Usually  half  an  inch  to  an  inch  in  diameter, 
irregularly  globose  or  depressed  when  old.  Peridium  at  first  double,  the 
outer  layer  dull  white,  flaking  away,  the  inner  white  to  lead-color  or  some- 
times dark  purplish  gray  or  even  nearly  black  when  old,  smooth  and 
slightly  glossy,  dehiscent  at  the  apex  by  a  round  or  oblong  fissure  mostly 
with  revolute  margins.  Capillitium  deep  chestnut  brown,  much  branched, 
the  twigs  blunt.  Spores  brown,  nearly  smooth, '  short  obovoid,  5 — 6 X 6 — 7  fi , 
with  colorless  pedicels  2x17  yw. —  PI.  1,  f.  5. —  Very  common  in  open  hilly 
pastures;  also  sent  from  River  Falls  {Kin{j)i  and  doubtless  occurring  every- 
where. 

B.  plumbea  and  B.  nigrescens  are  species  readily  confused  if  they  are 
really  distinct.  I  liave  as  yet  failed  to  convince  myself  that  our  larger, 
darker  plants  are  more  than  a  form  of  B.  plumbea.  Fries  (systema,  iii.  24) 
records  both  as  American;  but  I  have  seen  no  specimens  corresponding 
closely  to  B.  nigresceiis  as  figured  in  Berkley's  Outlines  of  Brit.  Fungology, 
pi.  20,  f .  5.  Sturms  Flora  Heft  18,  pi.  15;  Bolton's  Funguses  about  Halifax,  pi. 
118;  and  Sowerby  pi.  331.  Our  common  form  is  well  represented  by  Alicheli, 
pi.  97,  f.  6;  Corda,  Icones,  v,  pi.  6,  f.  47,  nos.  3-4  (the  former  inverted); 
Vittadini,  Funghi  Mangerecci,  pi.  33,  f.  1;  Berkeley,  I.  c.  pi.  20,  f.  6;  and 
Sturm's  Flora.  Heft  18,  pi.  16  (copied  by  Wint<?r).  It  is  hard  to  see  on  what 
grounds  Fries  and  Winter  refer  Batsch.  pi.  29,  f .  166  to  B,  nigrescens. 

iThe  descriptions  in  this  paper  apply  to  spores  that  have  not  been  much  soaked  in  water, 
since  the  markings  of  many  more  or  less  completed  disappear  when  the  spores  are  wet,  as 
the  case  of  some  Ustilaginese  and  Uredineee. 
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A  small  lead-c*oIored  8i)ecimen  from  Albany,  N.  Y.,  in  th»^  Curtis  her- 
barium {Peck,  no.  70).  under  this  name  hum  round  nearly  stalkless  rough 
spores  5  ;i  in  diameter,  and  is  evidently  a  denudtil  plant  of  B.  circnvi- 
9cis8a  B.  &.  C,  not  yet  found  in  Wisconsin. 

I  can  corroborate  the  assertion  of  Vittadini  that  this  is  one  of  the  most 
delicate  of  edible  fun;;!  wlien  gjithered  younpj  and  proi^'rly  cooked.  The 
first  sij^n  of  discoloration,  as  with  other  pulf-balls,  marks  it  as  too  old  for 
the  table. 

2.  BoviSTA  PiLA  B.  &  C. ,  seldom  less  than  an  incli  and  a  half  in  diameter, 
usually  two  or  two  and  a  half  inches,  irregularly  glolM)8e  or  somewhat 
pinched  in  at  the  liase,  which  often  l)ears  remnants  of  a  mycelial  cord. 
Peridium  with  at  most  a  very  delicate  flaking  f)uter  layer,  typically  smooth 
and  glistening,  grayish-buflf,  dark  gray  or  blackisli-puqile,  usually  dehiscing 
late  by  an  irregular  fLssure  at  no  fixed  point.  Twigs  of  tlie  capillitium 
wavy,  tapering,  chestnut-brown,  jialer  toward  the  tijw,  fading  to  a  decided 
pink  in  old  weathered  si>ecimens.  S{)ores  nearly  spheric^il,  stalkless, 
8,  5  —  5/i,  nearly  smooth,  paler  than  in  the  last.—  PI.  1,  f.  6. —  Abundant 
in  wood-pafltures,  less  fretjuent  in  open  fields. 

This  species  was  originally  described  (Grevillea,  ii.  49)  from  Wisconsin 
specimens  collected  by  Lapham.  I  have  seen  other  specimens  from  She- 
boygan {Brown),  Sparta  and  Middleton  (J/m  Schuster),  Bhx>mingdale  and 
La  Crosse  (Pamniet),  and  have  collected  it  in  abundance  at  Weyauwega. 
In  its  nearly  single  peridium  and  irregular  dehiscence,  this  is  decidedly 
unlike  typical  species  of  Bovista.  Like  tlie  last,  it  is  excellent  eating  when 
gathered  young  and  properly  cooked. 

Bovista  ammophila.  Lev.,  reported  (i>erhai)s  on  specimens  of  the  last) 
from  Wisconsin  by  Bundy  (Kep.  Ge4>l.  Surv.,  i,  399),  lias  a  similar  cord-like 
base,  but  is  distinguished  by  its  si)ores,  wliich,  as  figured  by  I^veille  (Ann, 
Sci.  Nat.  Bot.  8  ser.  ix,  ])1.  9,  f.  5-6),  are  prominently  o]K)void  and  long- 
pedicelled. 

B,  mibterranea,  Pk.,  a  depressed-globose  si>ecies,  which  matures  just  be- 
low the  surface  of  the  ground,  bulging  it  \\\)  at  matiu-ity;  is  recognized  by 
its  firm  duU-brown  inner  peridium,  half  an  incli  to  an  inch  and  a  half  in 
diameter,  opening  by  a  small  apical  pore;  its  fleecy  outer  i)eridium,  impreg- 
nated with  dirt  and  evanescent  above;  and  olive-puri)le  capilhtium  and 
spores,  the  former  flexuous  and  rather  sparingly  branched,  the  latter  glo- 
bose, stalkless,  rough,  4  —  7  //  in  diamet^jr.  Tliis  species,  described  from 
Dakota  specimens,  has  been  collected  l)y  me  in  Colorado,  and  comes  from 
River  Falls  (King),  so  tliat  it  may  be  hwked  for  at  Madison,  in  sandy  soil. 
Mycenastrum  spinulosum,  Pk.  (Bot.  Gaz.,  iii,  170;  vi,  240)  a  species  of  the 
Southwest  which  also  occurs  in  the  collection  made  by  Dr.  Brown  at  She- 
boygan; is  a  gray  puff-ball,  irregular  or  kidney-8hai>ed,  measuring  as 
much  as  four  inches  in  its  greatest  diameter.  It  may  l)e  recognized  by  its 
smooth,  almost  woody,  i)eridium,  nearly  one-sixteenth  inch  thick,  at  last 
breaking  stellately,  often  with  serrate  edges  to  the  lobes,  and  by  its  purple- 
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brown  spinose  capillitium  and  rough,  opaque,  paler  spores  10  to  12  //  in  di- 
ameter. It  differs  from  the  Europeai^  M.  Corium  Desv.  (also  found  in  Ari- 
zona and  CJolorado)  in  it«  decided  purple  color  when  freshly  broken.  I  have 
been  able  to  test  this  latter  species  in  Colorado,  and  find  it  palatable. 

SYNOPSIS  OF  LYCX)PERDON.* 

Plants  larj2:e;  j>eridium  flaking  away  irregrularly  at  top. 

Sculptured  and  somewhat  furfuraceous  when  young L.  favoaum. 

Not  sculptured,  mostly  glabrous;  very  large L.  Bovista. 

Small  or  medium-sized;  opening  by  a  pore  at  apex. 

Spores  brown,  yellowish,  or  olive,  smooth  or  minutely  roughened. 
Shaggy  or  with  deciduous  spines. 

Spores  long-pedicelled ' L.  pediceUatum. 

Spores  stalkless. 

Fleecy,  sessile;  old  peridium  notpale-areolate;  growing  in 

meadows  and  grass  land L.  Wrightii. 

Warty,   the  larger  spines  deciduous,  leaving  pale  round 

dots ;growing  in  the  woods L.  gemmaUivx. 

Smooth,  or  at  most  scurfy,  (rarely  sub-shaggy,  in  L.pyrifomief). 
On  rotting  wood;  gregarious;  mostly  stalked,  with  creeping 

white  fibers L.  pyriforme. 

On  the  ground;  not  gregariou-s. 

Spores  ellipsoidal L.  oblongisporvm. 

Spores  round  or  slightly  obovoid. 

Peridiuta  not  dark-dotted,  often  mealy -scurfy. 

Sessile;  usuaDy  under  three-fourths  inch L.  pusillum. 

Often  stalked;  larger L.  moUe. 

Peridium  dark-dotted  when  mature;  sessile L.  coloratum. 

Spores  more  or  less  red-purple,  rough-warty. 
At  first  spinulose  or  shaggy. 

Spines  very  long,  white,  all  deciduous L.  pulcherrimum. 

Spines  shorter,  buff  or  brown. 

Mature  peridium  mealy-roughenetl,  but  glossy L.  atropurpnreum. 

Not  mealy;  reticulated  with  small  brown  warts L.  constellatum. 

Not  at  all  shaggy. 

Reticulately  fiurowed;  somewhat  flesh  colored L.  riimdatum. 

Not  furrowed ;  buff L.  glabellum. 

1.  Lycoperdon  favosum  (Rostk.).— Three  to, six  inches  in  diameter,  four 
to  five  inches  high,  depressed,  spherical  with  a  stout  conical  base,  marked 
with  coarse  angular  depressions,  the  pale  fleecy  outer  peridium  cracking  so 
as  to  expose  the  brown  inner  layer,  in  anastomosing  lines.  Spores  and  capil  - 
litium,  snuff-color  or  greenish-brown,  liberated  by  the  breaking  away  of 
the  thick  but  fragile  peridium.  Spores  slightly  obovoid,  nearly  smooth, 
stalkless,  4.25  —  4.5  X  '^•«'>  —  5  //. — PI.  1,  f .  9. — Grassy  fields,  late  summer  and 
autumn. 

»  Since  the  prei>aration  of  this  jmper,  which  was  presented  to  the  Academy  in  1884,  two 
Important  publications  on  Lycoperdaeese  ha%e  appeared,  namely:  a  revision  of  the  genus 
Lycoperdon  by  Massee  (Tran».  Roy.  Microsc.  Soc.  1887,  701),  and  the  compilation  of  the 
entire  group  by  De  Toni,  for  the  seventh  volume  of  Saccardo's  Sylloge  Fungorum.  So  far 
as  possible,  these  have  been  consulted  in  a  final  revision  of  the  manuscript  for  publication. 
—May  10,  1888. 
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I  have  had  some  doubt  as  to  whether  this  plant,  collected  but  once, 
should  be  referred  to  L,  fav^^mim  or  caeUitum.  The  latter  species  is  re- 
ported by  Bundy  (Rep.  Geol.  Surv.  Wis.  i,  899)  and  Pock  (U.  S.  species  of 
Lycoperdon,  12),  from  Wisconsin,  and  I  have  seen  unmistakable  speci- 
mens of  it  from  tliis  state  in  the  herlKirium  of  Professor  Peck,  while  it  ap- 
pears to  be  pretty  f  rei^uently  met  with  in  the  west. 

2.  Lycx)PERDON  Bovlsta  L.  (L.  giganteum  of  most  authors).— Seldom 
under  ten  inches  in  diameter,  often  very  much  larger:  smooth,  or  at  least 
not  floccose-sculptured  nor  pitted  like  the  last.  Peridium  less  corky,  flak- 
ing away  in  thinner  more  papery  layers,  si)ores  and  capillitium  yellower, 
the  latter  not  separating  from  the  sterile  base.  Spores  nearly  globose, 
almost  smooth,  4  to  4.5  //. —  Grass  land  in  late  summer  and  autumn.  Also 
reported  from  Wisconsin  by  Bundy  (l.  c). 

figures:  —  Palmer,  Mushrooms  of  America,  pi.  8,  f .  1. 

It^coperdon  cifathifonne^  Bosc.,  which  ocourH  in  the  Curtis  horharium  from  Wisconsin 
(SpraguCt  IIW,  Coll.  Laphain),  has  l)oen  coUwted  at  Shel>oy^au  (ffrotrn),  River  Falls 
(JCing)n  and  La  Crosse  (^Pammel),  and  is  also  mentioned  by  Bundy  (I.  cj,  is  a  stout 
pear-shaped  or  depressed -glolKMie  pufT-hall  approaohinji;  L.  callatum  in  size,  but  easily  dis- 
tinguished by  its  smoother  but  areolated  outer  peridium,  flakinfj^  away  near  the  top  as  a 
thin  papery  layer,  revealing  the  thicker  fragile  purple  inner  layer,  and  by  its  round  finely 
granulated  very  purple  spores,  4.5  to  6>u  in  diameter.  The  sterile  base  persists  for  a  long 
time,  and  is  what  Bosoms  description  (Mi^m.s.  quelques  espdces  de  champignons  des  parties 
m6rid.  de  V  Am6r.  Sept.,  5-6,  pi.  6,  f.  11)  and  figuro  were  taken  from.  The  American 
plant  is  not  distinct  from  that  which  Vittadini  ^  at  first  referred  to  L.  Boviata,  but  after- 
ward called  L.  fragiU. 

These  three  species  are  esteemed  for  food,  whereas  most  of  the  smaller 
species  of  the  genus  have  a  disagreeable  tiavor.  On  this  subject  see  Peck, 
U.  S.  Sp.  of  Lycoperdon,  7;  32  Rep.  X.  Y.  Museum,  62;  Country  Gentle- 
man, November  5,  1885;  Palmer  /.  c;  and  a  note  by  myself  in  St.  Nicholas,  j' 
September,  1886;  as  well  as  Badliam  and  other  Euroijeaii  writers  on  edible 
fungi. 

8.  Lycoperdon  pedicellatum  Pk.— Depressed  globose  to  obovoid  or 
Bub-pyriform,  usually  one  to  two  inches  in  diameter,  with  coarse  angular 
or  slender  stellatoly  united  spines,  a  minutely  granular  darker  recticulum 
between  their  bases.  Denuded  i>eridiiim,  dull  pinkish  or  butT,  with  round 
or  polygonal  depressions  corresponding  to  tlie  insertion  of  the  fallen  spines: 
base  granular  with  more  or  less  i>ersistent  coarse  warts.  Spores  olive- 
yellow,  slightly  obovoid,  minutely  granular,  4-5  X  '>-^  /^»  with  slender 
nearly  colorless  pedicels  18  to  25  //  long. —  PI.  1,  f.  7. —  Found  once  on  the 
ground  in  open  woods;  received  from  River  Falls  {King);  and  locally 
abundant  elsewhere,  often  in  open  ])laces. 

It  has  frequently  been  asserted  that  the  spores  of  Lycoperdon  are  stalkless 
while  those  of  Bovista  are  pedicelled.  Understanding  stalkless  to  mean 
(as  in  this  paper)  with  a  pedicel  not  exceeding  1  /<  in  length,  this  generaliza- 
^^i^— »-^—         I.I  » 

•  tnnghi  Mangerecci,  263-8,  pi.  33,  f.  2.    See,  also,  Berkeley,  Notices  of  N.  A.  Fungi,  no. 
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tion  is  not  true.  L,  cepaeforme  and  L.  Hongkongenae,  like  the  present 
species,  have  their  spores  permanently  stalked.     The  sterigmata  of  the  group 

with  red-purple  spores  (nos. )  are  at  first  very  long,  and  they  are  also 

sometimes  subpersistent.  On  the  other  hand  the  spores  of  a  number  of  spe- 
cies referred  to  Bovista,  e.  g.  P.  pUa,  B,  circumscissaf  and  B.  tosta,  are  not 
pedicellate. 

4.  Lycx)perdon  WRiaHTH  B  &  C. —  Round  or  broadly  pear-shaped,  often 
gregarious  and  more  or  less  angular  from  mutual  pressure;  three-eighths  to 
three  fourths  inch  in  diameter;  densely  covered  with  short  grouped  white 
spines  that  are  buff  and  deciduous  at  maturity,  exposing  the  pubescent  or 
nearly  smooth,  dirty  straw  colored  or  buflf  inner  peridium.  Spores  and  capilli- 
tium  pale  greenish  buif,  the  former  finely  granular,  round,  stalklessS.o  to 
4.25//.  —  pi.  1,  f.  8. —  Very  abundant  at  the  sides  of  paths  and  on  open,  bare 
places  in  dry,  closely  cropped  grass  land. 

Specimens  have  also  been  sent  me  from  River  Falls  (King),  Sheboygan, 
(Brown),  and  Sparta  (Miss  Schuster),  and  the  species  is  reported  by 
Bundy  in  the  list  already  referred  to. 

Lycoperdon  cruciatum Roetk.  CL.aeparaus  Pk., L.  Wrightii,  var.  ««parat« Pk.), of  which 
doubtful  immature  specimens  have  been  collected  about  Madison,  and  which  Miss  Schuster 
sends  from  Sparta,  and  Professor  King,  from  River  Falls,  occurs  more  commonly  in  shaded 
places  and  is  distinguished  by  its  somewhat  large  size  (half  an  inch  to  two  inches^  and 
more  clay-colored  or  darker  spores  which  are  often  pedicellate  or  intermingled  with  fallen 
sterigmata  6  to7  ^  long;  and  especially  by  the  (very  soft  and  flexible  oft^n  dark  browns  vel- 
vety inner  peridium,  from  which  the  closely  imited  white  spines  flake  away  in  a  continuous 
layer.  The  American  plant  corresponds  well  with  the  figure  of  Rostkovins  (Sturm's  Flora, 
Heft.  18.  pi  8),  though  its  spines  are  more  crowded  than  in  the  figure.  If  the  last  runs  into 
this,  the  name  of  Rostkovins  must  have  precedence. 

5.  Lycoporden  qemmatum  Batsch. — Usually  gregarious,  one  to  two 
inches  in  diameter,  sometimes  as  much  as  three  inches  high,  commonly  top 
shaped,  the  fertile  pair  contracting  into  a  stout  obconic  stem  which  equals 
or  surpasses  the  enlarged  summit  in  length,  white,  passing  into  pale  bulf  or 
gray;  with  fleshy  deciduous  warts  and  intermingled  more  persistent  smaller 
ones.  Spores  pale  brown,  thin-walled  and  translucent,  finely  granulated, 
round,  stalkless,  3.5  to  4.5  //.-PI.  2,  f.  1.  Very  abundant  on  the  groimd  or 
occasionally  on  decayed  wood,  in  the  woods. 

The  Lapham  herbarium  contains  specimens  from  Milwaukee,  and  I  have 
seen  others  from  Sheboygan  (Brown).  Bundy  also  reports  the  sjx^cies. 
The  most  characteristic  feature  of  this,  wliich  is  one  of  our  commonest 
species,  is  the  occurrence  of  solid  fleshy  warts,  often  one-sixteenth  of  an 
inch  or  more  in  length,  which  stud  the  upper  part  of  the  peridium,  givmg 
it  an  appearance  of  great  beauty  when  yoimg.  These  are  easily  removed, 
leaving  round,  pale  spots,  one-thirty-second  to  one-sixteenth  inch  in  diame- 
ter, on  the  peridium,  elsewhere  covered  with  fine  granules.  Even  on  old 
weathered  specimens  when  the  latter  have  entirely  disappeared  from  the  top, 
the  characteristic  pale  spots  are  to  be  found  toward  the  base. 

Figures: — Palmer,  Mushroons  of  America,  pi.  8;  Trelease,  St.  Nicholas, 
xiii,  875,  f.  4.    Exsiccataei—'EXiSBy  N.  A.  Fungi,  no.  1,699. 
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6.  Lycofbuden  pyriforme  Scliaeff.— Our  most  variable  species,  globu- 
lar, pear-shaped,  or  clavatc,  sesaile  or  stipitaUs  usually  tive-eighths  inch 
to  an  inch  in  diameter,  and  half  an  inch  to  an  inch  and  a  half  high  (excep- 
tkmallj  as  much  as  one  and  one-fourth  by  two  inches).  Peridium  buff, 
oorered  with  uniform  persistent  coarse  dark  broA^Ti  granules  (exceptionally 
with  sabstellate  short  spines?).  Spores  pale  olive,  smooth,  round,  3.5  to 
4.5  /I  stalkleas. —  PL  2,  f.  5.  Very  common  in  woods,  on  old  stumps, 
buried  sticks,  etc.,  the  plants  commonly  gregarious,  and  connected  by 
coane  white  fibers. 

I  have  also  examined  specimens  collected  at  Sheboygan  (Brown),  and 
Biver  Falls  (King),  and  others  (Kcur  in  the  Lapliam  herbarium.  Bundy  also 
mentions  the  species  in  his  list  of  Wisconsin  fungi. 

Exsiccatae: —  Ravenel,  Fungi  Carolin..  ii.  no.  72;  Fungi  Amer.,  no.  469. 

7.  Lycoperdon  oblongisporum  B.  &  C— Round  to  broad,  pyriform, 
three-eighths  in.  to  1  in.,  usually  narrowed  below,  with  a  mycelial  cord  at 
base.  Peridium  brown,  at  first  furfuraceous,  finally  glassy,  but  with  mi- 
nute persistent  granules.  Spores  greenish-brown,  almost  smooth,  ellip- 
soidal, stalkless.  4Xft/'- — Pl»  2,  f.  3. —  Rather  abundant  on  the  bare  ground 
in  dense  woods;  August. 

This  pretty  species,  previously  known  only  from  Cuba,*  is  indistinguish- 
able from  the  next  when  immature,  the  sjwres  affording  the  only  really 
characteristic  feature.  It  has  probably  been  overlooked  in  the  past  chiefly 
for  this  reason  and  lx?cause  the  mature  plimts,  from  their  leaf -brown  color, 
are  not  at  all  conspicuous.  L.  Hongkongense  B.  &  C.  (N.  Pacific  Expl.  Exped. 
Fungi, —  Proc.  Amer.  Acad.  1H58, —  124,  no.  119),  as  I  find  from  an  exami- 
nation of  original  specrimens  in  the  (xray  herbarium  at  Cambridge,  is  a  little 
more  elongateil  than  this  species  but  with  the  same  microscopic  characters 
otherwise.  Its  six)res,  however,  differ  in  Iwing  long-pedicelled.  In  their 
memoir  on  Lycoperdon  and  Scleroderma  (Ann.  8ci.  Nat.  1842.  Ser.  2,  xvii, 
lS-14,  PL  2,  B.  f .  5-7)  the  Tulasnes  figure  pedicellate  ol>long  siK)res  for  some 
plants  of  L,  cejxtefonne  Bull.,  wliich  is  referred  to  as  synonymous  with 
L,  pusUluin  Ft.  and  L.  ericetorum  P. 

8.  Lycoperdon,  pusillum  Fr. —  Microsco[)ic  charat^ters  of  the  pre- 
ceding, but  usually  paler  and  less  glistening  wlien  mature.  Si)ores  round 
or  barely  obovoid,  nearly  stalkless,  3.5  to  4.5  //,  evanescently  minutely 
roughened  or  smooth. — PI.  2,  f.  4. —  Rtither  frequently  on  the  ground,  in 
open  fields;  also  sent  from  River  Falls  (King),  and  reported  by  Bundy  (/.  c.) 

Exsiccatae:    Ravenel,  Fungi  Carol,  ii,  no.  73;  Fungi  Amer.  no.  138. 

9.  Ly(X)PERDON  molle  P. —  Depressed,  globose,  half  an  inch  to  an  inch 
and  a  quarter  in  diameter,  sessile  or  on  a  stipe  of  ec^ual  length.  Peridium 
cream-color  passuig  into  buff,  mealy-furfuraceous,  glistening  when  old. 
Spores  olive,  round,  stalkless,  minutely  echinulate,  3.5  to  5//. —  PI.  2,  f.  6. 

On  the  ground  in  open  woods  and  pastures;  also  collected  at  River  Falls. 
ifiing). 

a  Berkeley  &  Curtis,  Fungi  CTubenses  (Joum.  Linn.,  Dec.,  1867),  dl5,  no.  606. 
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This  species  superficially  resembles  small  plants  of  L,  glahellum  Pk.  so 
closely  that  it  is  difficult  to  distinguish  them.  When  cut  open,  especially 
if  gathered  immature  and  allowed  to  ripen  in  the  laboratory,  it  sometimes 
also  presents  a  red-purple  section;  but  this  does  not  depend  upon  the  color 
of  the  spores,  which  afford  constant  and  certain  means  of  distinguishing 
the  two  si)ecies,  since  in  this  they  are  about  as  in  L.  gemmatum^  while  in 
L,  glahellum  they  are  nearly  as  in  L.  constellatum  or  the  related  species 
of  the  purple-spored  section. 

10.  Lycoperdon  color atum  Pk. —  Round,  and  somewhat  depressed  and 
contracted  at  the  base,  three-eighths  to  one  inch;  from  pure  white  passing 
into  yellowish  and  at  maturity  buff;  granular-mealy;  finally  glistening  and 
dotted  with  minute  dark  granules  that  persist  or  often  rub  away  from  large 
areas.  Spores  and  capillitium  buff,  the  former  paler,  round,  smooth, 
stalkless,  4  to  5  //. —  PI.  2,  f.  2. —  On  th^  ground  in  damp  woods;  August. 

11.  Lycoperdon  pulcherrimum  B.  &  C.  (L.  Frostii  Pk.)—  Obovoid,  an  inch 
to  an  inch  and  a  half  in  diameter  and  about  as  high.  Peridium  coffee-color 
at  maturity,  covered  with  very  deciduous  slender  white  spines,  often  three- 
sixteenths  inch  long,  clustered  by  their  tips;  usually  smooth  and  glossy 
after  their  fall.  Capillitium  at  last  red-purple,  spores  varying  from  pale 
buff  to  reddish-purple,  round,  with  very  low  colorless  warts,  nearly  stalk- 
less,  4  to  6.5  rf. —  PI.  3,  f.  1. —  Open  grass  land,  not  uncommon. 

In  this  and  other  species  of  the  purjjle-spored  Proteoids  the  pedicels  of 
the  spores,  even  in  mature  specimens,  are  sometimes  2  to  4  //  long,  whereas 
in  other  groups  the  species  that  have  not  long  pedicelled  spores  very  rarely 
show  pedicels  much  over  1  m  long. 

The  spores  of  the  group  of  species  which  follows  are  very  uniform, 
coarsely  warted  and  usually  short -stalked.  As  shown  by  Peck  (U.  S.  spe- 
cies of  Lycoperdon,  18),  they  are  intermingled  with  fragmentary  colorless 
rods,  to  which  they  are  not  attached,  but  that  represent  the  fallen  remnants 
of  long  sterigmata,  as  may  be  seen  by  examining  young  specimens.  In  this 
paper  (p.  22)  and  in  32  Rep.  N.  Y.  Museum,  p.  68,  Peck  states  that  L.  pul- 
cherrimun  B.  &  C.  is  evidently  the  same  as  L.  pedicellatum  Pk. ,  an  opinion 
which  I  shared  until,  in  looking  through  the  puff-balls  of  the  Curtis  herba- 
rium, wliich  Dr.  Farlow  obligingly  placed  in  my  hands,  I  found  the  type 
of  L.  pulcherrimum^  gathered  in  Pennsylvania,  in  1852,  and  preserved  un- 
der the  number  3933.  The  description  by  Berkeley  (Notices  of  N.  A.  Fungi, 
50,  No.  336, —  Grevillea,  ii,  51)  is  certainly  more  apphcable  to  L.  pedicella- 
tum than  to  this  species,  especially  as  regards  the  size  and  color  of  the  spores; 
but  unless  two  entirely  different  tilings  were  collected  under  this  number, 
BO  that  Berkeley's  description  was  not  drawn  up  from  a  duphcate  of  the 
Curtis  type,  there  can  be  little  doubt  that  L,  Frostii  and  not  L.  pedicellatum. 
is  a  synonym  of  L.  pulcherrimum. 

12.  Lycoperdon  atropurpureum  Vitt.— Extremely  variable  in  size 
and  form,  three-fourths  to  two  and  one-half  inches  in  diameter,  one  and 
one-fourth  to  three  inches  high,  obconical  or  pyriform  to  subglobose;  nearly 
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or  on  a  long  stipe.  Peridiura  straw  color  or  dull  buff,  nearly  8i)ine- 
or  with  sharp,  dark  spineH,  often  united  in  elusterB  by  their  tips,  fur- 
fnraceouswith  a  more  or  less  evanescent  mealy  coating  through  which  the 
inner  layer  appears  glossy.  Spores  purple-brown,  coarsely  granular,  round, 
4.5  to  6.5  //,  nearly  stalkless  or  with  i)edicels  2  to4/<  long. —  PI.  3,  f.  2. — 
Bather  frequent  on  the  ground  in  bushy  woods,  or  occasionally  on  decay- 
ing wood.  Reported  by  Bundy,  and  occurs  from  Wisconsin  {Lapham)  in . 
Hb.  Curtis  as  L.  aaccatum.    The  more  spinose  form  is  var.  Inrtellum   Pk. 

Though  easily  recognized  in  most  of  its  forms,  this  is  one  of  the  most 
perplexing  of  our  species.  Berkeley  and  Curtis  as  well  us  Dr.  Winter,  who 
examined  some  of  our  si)ecimens,  have  considered  the  ]>lant  to  be  L.  sacca' 
turn  Fr.  As  aaccatiun  is  understood  by  Bouerden  (IM.  Zeitung,  1857,  596), 
and  Winter  (Rabenhorst's  Kryptogamen  Flora,  i,  1K)1),  this  determination  is 
unimpeachable;  but  L,  saccatum  of  Fries  and  the  Flora  Danicii  (PI.  1189), 
has  a  flaking  peridium  similar  to  that  of  L.  lyorista  and  L.  (nfathififrme^ 
whereas  our  plant  possesses  a  persistent  periilium  opening  by  a  terminal 
pore.  Recognizing  this.  Winter  {J.  c.)  admits  that  Bouerden  ap^wars  not  to 
have  possessed  the  true  si)c»cie8  of  Fries,  yet  does  not  hesitate  to  follow  him. 
The  real  saccatum,  which  occurs  in  New  York,  is  certainly  very  distinct. 

Fiffiires: — Palmer,  Mushroons  of  America,  pi.  H,  as  L.  saccatum.  E^vsic- 
eatae: — Ravenel,  Fungi  Cart)lin.,  iv,  no.  78,  in  part,  as  L.  yemmatum. 

18.  Lycoperdon  constellatum  Fr.  Subglobose  or  more  commonly 
in  the  form  of  an  oblate  spheroid,  somewhat  pinched-in  at  base,  one  to  two 
inches  in  diameter.  Peridium  straw-color,  grjiy  or  cop|)er,  at  first  with 
deciduous  browTi  s^wnes  clustered  by  their  a])ices.  and  intervening  low 
brown  warts  that  persist  as  a  proiiiinent  roticuluni,  or,  ultimatt^y  falling, 
leave  the  peridium  miimtely  facetted,  somewhat  resembling  *' hammered 
vrork  '*  in  metal.  Sixires  nearly  as  in  the  last,  5  to  0.5  jt.  Old  capillitium 
brown. —  PI.  8,  f.  4. —  On  the  ground  in  bushy  woods. 

Though  more  depressed  than  L.  iimbrhium  of  the  Flora  Daiiica  ^pl.  l.'^OO), 
•which  is  the  prototype  of  L,  cousti'Uutnm,  our  plant  aKiees  so  well  with 
the  descriptions,  that  I  have  followed  I*eck  in  referring  it  to  that  species. 
According  to  Dr.  Winter,  it  nearl3'  res(»inbles  L.  cupriciitn    Bouerd. 

14.  Lycoperi>ON  rimulatum  Pk.  in  herb.— Depressed  globose,  pinohed- 
in  and  radicating  at  base,  sUghtly  unihonate  at  apex,  three-fourths  to  one 
and  one-half  in.  in  diameter.  Peridium  t*wny  llesli-culor.  thin,  glabrous, 
rimulate  with  anastomosing  furrows.  8j)ores  red-puri)le,  rough-warty, 
5  to  C.5  //;  their  pe<licels  2  //  or  in  immature  specimens,  as  much  as  1.")  //  long. — 
PI.  3,  f.  3. —  On  the  ground  in  open  wooil  pastures;  September;  a li>o  col- 
lected at  River  Falls  (King). 

An  interesting  plant,  related  to  the  constcUatKm  group  in  its  spore  cliar- 
acters,  but  differing  from  our  other  species  of  this  group  in  the  absence  of 
a  spinose  or  mealy  coating,  the  outer  peridium  merely  cracking  along  the 
grooves  as  in  L.  caelatum.  I  am  indebted  to  Mr.  Peck  for  the  name  employed, 
'which  he  has  applied  to  immature  specimens  in  his  herbarium,  from  Ohio 
(flforgan)  and  New  York. 
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15.  Lycoperdon  olabellum  Pk. —  Depressed  globose,  or  elongated  and 
stipitate,  more  or  less  umbonate,  three-fourtlis  to  two  in.  high.  Peridium 
buff,  very  finely  furf uraceous.  Spores  and  capillitiiun  purple  or  more  or  less 
brown,  the  former  5  to  6  /i,  with  coarse  warts,  and  short-pedicelled. —  PL  3, 
f .  5. —  On  the  ground  in  woods,  accompanying  L.  gemmatum;  River  Falls 
(King). 

Ihilostoma  fimbriatum  Fr.,  a  small  puff-ball  raised  on  a  solid  cylindrical  stipe  about 
one-eighth  in.  in  diameter  and  as  much  as  an  inch  long,  may  be  recognized  by  its  subglobase 
more  or  less  granulated  peridium,  opening  by  a  small  scarcely  protruding  fimbriate  mouth, 
brick-colored,  remotely  spinoee,  round  spores  4-6  //  in  diameter,  and  pale  blunt  anasto- 
mosing capillitiumi    I  have  received  it  in  quantity  from  Professor  King,  of  River  Falls. 


SECOTIUM. 

1.  Secotium  ACUMINATUM  (Mont.)  (S.  27iMHu  Schulzer.  S.Warnei'Pk,)— 
Short  stipitate,  subglobose  to  conical  ovoid,  rounded  or  freijuently  more  or 
lees  acimiinate  above. 

Peridium  rather  leathery,  dull  yellowish-white,  passing  into  buff;  smooth 
or  mostly  with  crenated  scale-like  elevations  often  free  at  their  lower 
edge,  dehiscing  irregularly  '  about  the  stipe,  which  is  prolonged  through 
the  sporiferous  portion  as  a  stout  columella  one-fourth  to  one-half  in. 
in  diameter,  and  firmly  united  with  the  peridium  at  apex.  Spore-bearing 
mass  snuff-brown,  extending  laterally  from  the  columella  in  a  series  of 
eroded  friable  thin  gills.  Spores  yellow-brown,  smooth,  stalkless;  extremely 
variable,  spherical,  ellipsoidal,  or  more  or  less  regularly  ovoid,  4-9x6-14, 
most  commonly  6x8  //. —  PI.  2,  f.  7. —  Abundant  in  late  summer  and  fall  in 
open  pastures,  etc.  My  largest  specimens  were  obtained  on  the  l)are 
ground  in  a  potato  patch. 

Reported  from  Wisconsin  by  Bundy  (/.  c.  399,  —  the  specimens  preserved 
in  hb.  Peck),  and  Peck  (Bull.  Torrey  Club),  and  included  in  the  collections 
of  Dr.  Brown,  of  Sheboygan,  and  F.  H.  King,  of  River  Falls.  Edible 
when  young. 

According  to  Schulzer  von  Muggenburg  (Hednigia,  1883,  43),  this  species, 
described  by  Peck,  as  Lycoperdon  Warnei  (Bull.  Torrey  Bot.  Club,  vi,  77), 
Podojcon  Warnei  (U.  S.  Sp.  Lycoperdon,  34),  and  Secotium  Warnei  (Bull. 
Torrey  CI.  ix,  2),  is  identical  with  the  European /S.  Threnii  Schulzer,  which 
is  referrible  to  S,  Acuneinatum  (Mont.)  Tul.  S.  Szaholcsense  HasL,  judg- 
ing from  his  figure  and  the  abstract  of  his  paper  in  Jost's  Bot.  Jahres- 
bericht  for  1876,  p.  161,  must  be  extremely  closely  related. 

Figures:— Veok.  Bull.  Torry  Bot.  Club,  ix.  pi.  9,  f.  6-11;  Revue  Mycolo- 
gique,  iv.  pi.  16.  f.  13. 
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Synopsis  of  Scleroderma. 

Peridiiun  thin,  dark-dotted S.  vemicosum.    More  conaceous,  uniformlj  colored, 

nmuaUy  furrowed  or  sculptured.— .    S.  vulgare. 

1.  Scleroderma  verrucosum  (Vaill.)  —  Flattened  biscuit-shaped,  i  to 
1^  in.  in  diameter,  nearly  sessile  or  with  a  short  stipe,  radicating  at  base. 
Peridium  thin  and  flexible  above,  but  tough;  yellowish  buff,  a  thin  outer 
layer  cracking  during  development  and  persisting  as  small  angular  darker 
scales;  dehiscence  irregular,  apical,  spores  purple,  roundish,  stalkless, 
sharply  echinulate,  8  to  10//. —  PI.  3,  f.  7. —  One  of  the  earliest  and  com- 
monest of  our  puff-baUs,  on  the  bare  ground  in  roads.  I  have  also  col- 
lected specimens  above  Kil1x)um  City,  and  the  si)ecies  is  found  at  River 
Falls  (King)  and  is  named  in  Bundy*s  list. 

Neither  this  nor  the  following  species  is  considered  fit  for  food,'  though 
greedly  devoured  by  snails.  Even  tlie  young  plants  emit  a  disagreeable 
pungent  odor,  quite  different  from  that  of  other  puff-baUs. 

This  is,  at  least  in  i>art,  S.  Dovista  of  Ellis,  N.  A.  Fungi,  no.  24;  and, 
perhaps,  of  Von  Thuemen.  Mycotheca  Universalis,  no.  607, —  both  from 
New  Jersey,  but  in  my  own  copy  of  the  ^l3'cotlieca,  and  in  Dr.  Farlow*8, 
the  latter  number  apix^ars  to  be  a  form  of  iS.  vuhjare.  Our  plant  is  that 
figured  by  Nees  (Syst.  du  Schwilmme,  pi.  11,  f.  124)  under  the  name  Bo^ 
vista  plumbea,  obviously  an  error.  It  is  not  evidently  different,  except  in 
the  shortness  of  its  stipe,  from  Lycopcrdou  verrucosum,  sphaericum,  etc.,  of 
VaiUant  (Bor.  Parisiense,  pi.  16,  f.  7),  L.  verrucosum  of  Bulliard  (PI.  Venen. 
de  la  France,  pi.  24),  L.  defossum.  Sowerby  (British  Fungi,  \}\.  311),  and 
Sclerodenna  verrucosum,  Greville  (Scot.  Crypt.  Flora  — ,  pi.  — ).  It  is 
also  {.luiie  similar  to  that  figured  by  Sorokine  (Ann.  Sci.  Nat.  6  ser.  iii.  pL 
6  f.  12  f.)  as  iS.  verrucosum,  and  agrees  in  all  essentials  with  a  French  spec- 
imen in  the  Curtis  herbarium  referred  to  verrucosum  by  Desmazieres.  The 
transparent  border  to  the  young  sjwres,  figured  by  the  Tulasnes  (Ann.  ScL 
Nat.  2  ser.  xvii.  pi.  1,  A.  f.  8)  in  what  tliey  doubtfully  refer  to  this  species, 
and  wliich  I  have  noticed  in  -S*.  vulgare,  f.  minor  of  Saccaede's  Mycotheca 
"Veneta.  no.  1412,  lias  not  been  observed  by  me  in  American  siHJcimens  of 
either  species;  but  is  held  by  Caspary  (Sitzber.  Geo.  zu  Konigsberg,  1886, 
xxvii,  203)  to  be  merely  an  immature  character. 

2.  Scleroderma  vulgare  Fr. —  Depressed  globose,  narrowed  and  radicat- 
ing below,  three-fourtlis  to  two  in.  in  diameter.  Peridium  pinkish  or  buff, 
thick,  smooth  or  finely  checked  by  intersecting  dark  furrows  about  one- 
sixteenth  in.  apart.  Spores  as  in  the  last,  nine  to  fifteen ;/,  the  spore-mass 
when  maturing  separated  into  small  grains  by  bundles  of  pale  gray  hyphae. 

1  Scleroderma  vulqare  is  commonly  held  to  be  poisonous  to  man,  but  according  to  Smith 
<Gard.  Cliron.  1885, 48)  and  Caspany  (Schrift.  Physik.— Ockonoui.  Oesellsoh  zu  Konigsberg, 
xxtU,  109;  Bot.  Centralblatt,  xxx,  34),  it  is  collected  in  parts  of  England  and  Qermany  as  a 
truffle  and  eaten  after  cooking,  without  known  ill  effects.  But  its  bad  name  should  be 
borne  in  mind  by  anyone  desirous  of  experimenting  with  it. 
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—  PI.  3,  f .  6. —  Grass  land  or  in  mossy  dry  woods.   Also  sent  me  from  Sparta 
(Miss  Schuster)  and  River  Falls  (King),  and  reported  by  Bundy. 

Our  Western  form,  as  I  have  seen  it  at  Madison  and  about  St.  Louis,  is  of- 
ten smooth  except  for  the  simulate  areolation  referred  to,  in  this  respect 
differing  from  a  common  Eastern  and  European  form,  which  is  also  de- 
cidedly yellow,  but  it  is  undoubtedly  a  form  of  the  same  polymorphic 
species.  The  S.  verrucosum  of  Bundy's  list  is  presumably  the  rougher 
plant,  which  is  shaggy  with  coarse  scales,  often  free  and  recurved  above. 

Scleroderma  Bovista  Fr.,  named  in  Bimdy^s  list,  differs  from  vulgare  in  its  thinner  perld- 
ium,  and  from  both  of  the  preceding  specie  in  the  more  olive  spore-mass  with  inter- 
mingled yellow  flocci;  otherwise  it  closely  resembles  S.  vulgare,  from  which,  like  Caspary 
0.  c^  204),  I  often  find  it  hard  to  sei>arate  it. 

Elapkomyces,  one  of  the  Tuberaceae,  developing  underground,  when  mature  resembles  a 
Scleroderma:  but  its  spores  are  borne  in  asci  that  are  evident  in  young  plant-s.  We 
have  as  yet  found  no  representative  of  this  genus,  which  should  be  looked  for  in  pine  woods, 
etc. 


EXPLANATION  OF  PLATES. 

The  plants  are  represented  of  the  natural  size,  and  their  spores  imiformly 
enlarged  2000  diameters. 

PLATE  VII. 

1,  Geaster  hygrometricus  and  spore;  2,  G.  saccatus  and  spore;  3,  G.  Ra- 
benhorstii  and  spore;  4,  G.  limbatus  and  spore;  5,  Bovista  plumbea  and 
spore;  6,  B.  pila  and  spore;  7,  Lycoperdon  pedicellatum  (small  specimen) 
and  spore;  8,  L.  Wrightii,  two  plants  and  spore;  9,  spore  of  L.  caelatum. 

PLATE  vui. 

1,  Lycoperdon  gemmatum  and  spores;  2,  L.  coloratum  and  spore;  3,  L. 
oblongisporum  and  spore;  4,  L.  ericetorum  and  spore;  5,  L.  pyriformc  and 
spore;  6,  L.  molleand  spore;  7,  Secotiimi  acuminatum,  in  section,  and  spore. 

PLATE  IX. 

1,  Lycoperdon  pulcherrimum  and  spore;  2,  L.  atropurpureum,  tliree 
plants  and  spore;  3,  L.  rimulatum  and  spore;  4,  L.  constellatum  (V)  and  spore; 
5,  L.  glabellum  and  spore;  6,  Sclero<lerma  vulgare  and  spore;  7,  S.  verruco- 
sum,—  subsessile  and  stipitate  forms. 
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THE  "WORKING"  OF  THE  MADISON  LAKES. 


By  WILLIAM  TRELEASE. 

Every  season  a  greenish- yellow  scum  occurs  in  greater  or  less  quantity  on 
Third  and  Fourth  Lakes  (Mendota  and  Monona),  during  the  hot  weather  of 
gummer,  after  the  water  has  l)een  calm  for  a  number  of  days  in  succession. 
"When  but  little  of  it  is  present,  it  api>ears  as  fine  granules  suspended  in  the 
"water,  often  scarcely  visible  to  the  naked  eye  except  as  they  reflect  the 
light,  when  they  call  to  mind  the  dancing  motes  in  a  beam  of  sunlight. 
Under  the  influence  of  a  gentle,  but  continuous  breeze,  these  particles  are 
collected  into  fleecy  masses,  and  driven  awhore,  so  that  they  accumulate 
along  the  margin  of  the  lake,  forming  a  slimy  scum  which  quickly  putre- 
fies, giving  off  a  very  disagreeable  odor.  During  this  change,  its  color 
changes  to  a  decided  blue-green,  which  stains  the  pebbles,  sticks,  etc.,  over 
which  it  is  smeared.  The  appearance  of  this  scum  Is  sometimes  spoken  of 
as  the  working  of  the  lakes,  from  a  resemblance  to  the  collection  of  a  scum 
on  cider,  etc.,  when  fermenting,  or,  as  an  American  idiom  expresses  it, 
**  working." 

Usually  the  scum  is  seen  in  small  quantity  and  only  attracts  attention 
for  a  day  or  two  at  a  time,  in  mi^Lsummer,  when  it  collects  on  the  city  side 
of  the  lake;  for  a  change  in  the  direction  of  the  breeze,  or  a  brisk  wind 
from  any  quarter  usually  sciitters  it  in  a  short  time.  In  the  summer  of 
1882,  however,  the  working  of  the  lakes  was  noticed  early  in  June,  and  on 
the  17th  of  that  month  enough  scum  had  collected  along  the  city  shore  of 
Fourth  Lake  to  prevent  boating.  The  odor  which  it  gave  off  was  notice- 
able at  a  distance  of  one  or  two  bl(K'ks  from  the  water.  After  a  few  days 
a  change  in  the  wind  brought  relief  for  a  time,  but  the  trouble  was  renewed 
at  frequent  intervals  until  the  middle  of  November.  The  first  formation 
of  this  scum  was  apparently  traceable  to  the  long,  shallow  bay  between 
Picnic  and  Second  Points,  in  Fourth  Ljike,  and  to  the  bay  at  the  west  end 
of  Third  Lake,  from  which  it  was  scattered  by  winds,  and  afterward  in- 
creased everywhere. 

* 

In  the  summer,  during  calm  weather,  the  water  within  a  foot  or  two  of 
the  surface  was  everywhere  filled  with  the  minute  granules  already  referred 
to.  In  places  where  counter  currents  met,  as  off  Picnic  Point,  these  were  col- 
lected in  a  local  surface  film.  While  this  appearance  histe4  the  fish  in  the  lake 
bit  very  little.     On  several  occasions  wliite  bass  were  found  in  large  schools 
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off  the  points,  jumping  under  films  of  this  nature,  apparently  at  the  glisten- 
ing air-bubbles  which  were  entangled  at  the  surface;  but  though  the  entire 
range  of  the  fly-book  was  tried,  they  persistently  refused  the  hook.  In 
other  parts  of  the  lake  where  there  was  little  scum,  the  fish,  especially 
pickerel,  bit  more  freely. 

The  floating  bodies,  which  at  times  are  as  large  as  pin  heads,  have  once 
or  twice  been  noticed  as  a  cause  of  the  dispersion  of  sunlight  in  a  beautiful 
manner.  One  calm,  bright  morning  in  the  fall,  a  student  while  rowing, 
observed  a  spectrum  on  the  surface  of  the  lake,  which  took  the  form  of  a 
parabola,  with  ita  vertex  at  his  boat.  To  another  person  on  shore,  the  spec- 
trum appeared  nearly  straight.  The  appearance  was  of  the  same  nature  as 
the  rainbow,  and  was  apparently  caused  by  refraction  in  the  floating  dots, 
which  slightly  projected  from  the  smooth  surface  of  the  water,  that  cov- 
ered them  with  a  thin  film.    A  breeze  quickly  ended  it. 

The  working  of  the  lakes  at  Madison  corresponds  to  what  is  known  in 
parts  of  Great  Britain  as  the  **  breaking  "  of  small  bodies  of  water.  On  the 
continent,  a  similar  sciun  is  spoken  of  as  water-bloom  (Wasserbluthe, 
Fleur  d'  eau,  Flos  aquse).  In  all  these  cases,  the  phenomenon  depends 
upon  the  multiplication  of  minute  algae  belonging  to  the  group  Cyano- 
phyceae,  which  usually  accumulate  suddenly  and  often  disappear  after  a  few 
days,  either  temporarily  or  for  the  balance  of  the  season.  Sometimes  the 
bloom  is  said  to  disappear  at  nightfall,  in  quiet  water,  to  re  appear  the  next 
morning.  The  futility  of  fishing  at  such  times  is  generally  recognized  in 
Europe,  the  common  impression  being  that  the  fish  are  then  sick.  In  this 
'Connection  it  may  be  said,  however,  that  the  wholesale  death  of  fish,  es- 
pecially perch,  in  Fourth  Lake,  during  the  summer  of  1884,  and  the  death 
of  numbers  of  whitefish  every  summer  has  apparently  no  connection  with 
the  water  bloom. 

Thuret  divided  the  Cyanophyceae  into  Chroococcaceae  and  Nostochineae; 
the  former  with  their  cells  not  in  chains;  the  latter  with  their  cells  placed 
end  to  end,  forming  filaments.  The  Nostocliiueae  have  since  been  separ- 
ated into  several  groups  equivalent  to  the  Chroococcaceae,  but  for  our  pur- 
pose the  simple  division  into  the  two  main  groups  may  be  retained. 

Of  the  Chroococcaceae,  two  are  pre-eminent  as  forming  water  bloom:  — 
Clathrocystis  aeruginosa  and  CoeloHphaerium  Kutzingianmn.  The  princi- 
pal part  of  the  scum  first  collected  at  Madison  consisted  of  the  former  spe- 
oies  (Fig.  8),  though  the  latter  (Fig.  7)  was  also  present. 

What  have  usually  been  called  Anabaenaflos  aquae  and  A.  circinalis  are, 
in  their  several  forms,  the  commonest  of  the  Nostochineae  that  occur  under 
similar  circumstances.  A  small  part  of  the  Madison  scum  of  1882  was 
composed  of  sterile  plants  apparently  of  A,  flos  aqua^j  which,  with  a  little 
of  a  sm^er  Anaba^na,  occurred  intermingled  with  the  Clathrocystis  and 
Coelosphaerium.  These  species  lasted  through  the  summer,  the  scum  which 
they  formed  also  containing  not  infrequent  threads  of  Lyngbya  nollei  (Fig. 
6),  a  few  stellate  plant  hairs,  and  scattering  grains  of  pine  pollen.    As  the 
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advanced,  the  laTf/^QT  Anabaena  Itecame  relatively  a  trifle  more  abun- 
dant, but  for  the  most  i>art  remained  sterile. 

Kxaminationa  were  not  made  for  several  weeks  in  August  and  September, 
bat  on  the  26th  of  September,  when  another  sample  was  taken  for  the  use 
of  a  laboratory  class,  the  bloom  consisted  exclusively  of  the  smaller  Ana- 
bciena  (Fig.  5),  which  I  have  calleil  A.  mendotae.^  a  sju^cies  that  continued 
to  appear  on  the  shore  at  intervals  until  well  into  NovemlxT. 

H.  Bornet,  who  was  oliligin;)^  enou:;a  to  examine  si>ecimen3  of  this  alga 
for  me,  writes  as  follows:  **  The  Auahaptin  you  have  sent  me  b<4ong3  to 
the  sub-genus  DolivhoHpcnnnm  Thwaites,  in  the  st*nse  in  which  it  Is 
understood  by  Wittroch  (Wittroch  and  Nordstedt:  Algte  exsiccjita*,  No.  496). 
It  appears  to  me  new,  and  differs  from  all  of  the  species  which  constitute 
water-bloom  in  the  tenuity  of  its  threads,  in  the  length  of  its  articles  and 
the  slendemess  of  its  spores.  It  is  only  comparable  to  Limmovhlide  flos 
aquae  in  the  dimensions  antl  configuration  of  the  diiferent  vegetative  and 
reproductive  organs.  That  you  uiay  comi)are  it,  1  send  a  tracing  from 
analyses  of  authentic  siMM'imeiis  of  Xostoc  flos  aquae  Lyngbya  [Fig.  1], 
Nostoc  flos  aquae  Agardh  [Fig.  2),  and  Anabuena  circiualis  Kal)enhor8t 
[Fig.  3],  which  is  the  prototy|)e  of  tlu*  species.  A<lmitting  that  these  three 
plants  are  but  forms  of  a  single  species,  as  m:iy  be  inferred  from  the  ob- 
servations of  Wittroch  on  Aiudutona  (DoliclKtspcrmam)  hassallii^  your  alga 
still  differs  from  all  of  them,  and  is,  especially,  very  distinct  from  the  Ana- 
baena  circinalis  of  Ral>enhorst." 

As  a  general  thing,  protracted  heat  prwcdes  the  appearance^  of  the 
'water-bl<x)m,  which  is  most  frecpicnt  in  sluggish  or  stagnant  bodies  of 
water,  especially  such  as  ar(»  fed  by  the  outlets  of  l)ogs,  hence  the  phenom- 
enon is  most  frequently  nolici'd  in  mid-summer  or  later:  yet  the  abundance 
of  the  scum  in  June  1?S>^2,  .shows  tliat  a  very  short  period  of  warmth  may 
suffice  for  its  formation,  as  tlie  early  j)art  of  the  spring  was  cold,  and  there 
had  been  but  few  hot  <lays  wlien  it  api)eared. 

Unlike  the  majority  of  th.'  algie  implicate. I,  LimnochJidc  flos  aquae 
tlirives  exceptionally  well  in  (!ol«l  water,  and  has  even  Ix'en  found  luxur- 
iating in  the  greatest  abundance  in  ice.'  Aiiabaetta  mendofae,  wliich  first 
became  really  abundant  after  the  disapp.wrance  of  Chiflirorysiis  coelos- 
phaerium  &nd  the  hirger  Awibtcn'i,  and  lasted  until  not  only  the  air  but 
the  lake  itself  had  become  (piite  cold,  api»ears  to  resemble  it  somewhat  in 
this  respect. 

During  the  summers  of  18S3  and  1HS4,  I  was  al)sent  from  the  city,  but  I 

"^  Anahaena  (^DiMvhoBpermum)  utvndotar,  n.  sp  -    Threads  circinate.    Vei?etative  cells 
slender,  usually  elonKatinl,  esp«»cially  towards  theendM  of  the  Mlninents,  3-4  X  4.5-12//, 
Heterocysts  ellipsoidal  orbarrd-shaiK'd,  1.5  X  <^  "5  /'.   Six>res  remote  from  the  heterocysts 
sleuder,  more  or  less  curved,  4.5  7.5  X  ^'^^  //,  blui.sli-green,  like  the  vej^^atative  cellH(Fijj:.  6) 
Forming  a  copious  water-bloom  on  Lak^^  Mendotii,  at  Ma<Uson,  Wis.,  especially  abundant 
Id  the  faU. 

'Magnus:  l.  c. 
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am  informed  that  though  soma  water-bloom  occurred,  and  at  times  be- 
came offensive,  especially  in  the  latter  summer,  it  was  less  abundant  than 
in  1882.  In  1885  but  little  was  seen.  Once  or  twice  toward  the  end  of  July 
the  scum  accumulated  in  small  quantity,  but  was  quickly  dispersed  by  a 
change  in  the  wind,  and  it  was  not  until  nearly  the  middle  of  August  that 
I  was  able  to  collect  specimens.  On  the  10th  of  August  quite  a  quantity 
was  noticed  floating  in  sheltered  places  along  the  University  shore,  and  in 
the  lee  of  Picnic  Point,  and  more  was  seen  off  the  shore  toward  Merrill's 
Springs,  whereit  had  stained  the  rocks  somewhat.  This  consisted  entirely 
of  the  Anabcena  represented  in  figure  4,  in  good  fruit. 

After  a  warm  spring,  on  my  return  to  Madison,  June  6,  1887, 1  observed 
a  considerable  quantity  of  putrid  scum  on  the  shore  of  Fourth  Lake,  but  a 
south  wind  scattered  it  before  specimens  were  obtained.  The  succeeding 
fortnight  was  hot,  and  after  a  couple  of  calm  days,  succeeding  a  strong 
wind  from  the  northwest,  the  southern  half  of  the  lake  was  filled  with  sus- 
pended particles  about  a  miUimeter  in  diameter.  These  consisted  exclus- 
ively of  Anabcena  hassalUiy  already  in  full  fruit,  the  spores  with  the  cus- 
tomary Spha£rozyga  arrangement,  in  a  collection  made  June  20th.  Subse- 
quently to  this  date  very  little  water-bloom  was  seen,  and  during  the  en- 
tire summer  the  lake  remained  unusually  free  from  it  until  September  7^ 
when  I  left  the  city. 

The  water-bloom  of  1886  was  also  slight.  Floating  specimens  collected 
in  the  latter  half  of  August  con3isted  of  fruiting  plants  of  the  larger  Ana- 
baena^  similar  to  figure  4,  with  a  small  quantity  of  Lyngbya  nollei. 

The  naming  of  this  larger  Anahoena  has  been  attended  with  some  diffi- 
culty. The  first  specimens  collected,  which  wore  sterile,  were  referred  to 
a  form  of  A.  flos-aqiiue;  but  the  subsequent  collection  of  material  in  fruit 
has  shown  that  this  reference  was  incorrect,  if  A.  flos-aquae  is  uuderstmxl 
to  be  characterized  by  globose  or  sub-globose  spores,*  remote  from  t]io 
heterocysts,  and  hence  referable  to  the  sub-genus  Trichormus.  It  is,  how- 
ever, identical  with  the  Nostoc  flos-aquae  of  Lyngbya  of  Dr.  Hornet's  sketch 
(fig.  1),  which  would  be  referred  to  the  sub-genus  Sphcerozyga,  and  agrees 
essentially  with  the  type  of  A.  Jiassallii.  1  should,  therefore,  refer  our 
plant  to  A.  hassallii.  According  to  Wittrock,  tliis  species  varies  in  the 
relative  position  of  spores  and  heterocysts  as  witlely  as  the  three  figures 
furnished  by  Dr.  Bornet.  Among  our  Madison  specimens,  none  have  been 
found  with  the  spores  remote  from  the  heterocysts,  but  tlie  spores  are  not 
infrequently  solitary,  as  noted  by  Rabenhorst.^ 

About  the  middle  of  August  1886,  while  rowing  across  Second  Lake 
(Waubesa),  south  of  Madison,  my  attention  was  attracted  by  very  numer- 
ous yellowish-green  spherules  about  1  mm.  in  diameter,  floating  at  all 
depths  in  the  water.      These  proved  to  be  small  fronds  of  Glocotrichia 


>  Cf.  for  example,  Cooke:   Fresh-Water  Algae,  p.  236,  pi.  93,  f.  1. 
*  Rabenhorst:  Flora  Europaea  alg.  aq.  dulc.  et  submar.  II.,  1»5. 
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pisum.  Each  consists  of  a  mass  of  tapering  threads  arrange<l  radially  in  a 
g^elatinous  matrix^  from  the  surface  of  which  their  apices  protrude  more 
or  leas,  often  rendering  the  surface  bristling.  The  \yase  of  each  filament  is 
occupied  by  a  heterocyst,  followed  by  a  slender  cylindrical  spore,  above 
inrhich  come  a  series  of  vegetative  cells  gradually  decreasing  in  diameter, 
until  they  form  a  slender  colorless  point. 

This  species  has  been  reported  from  time  to  time  in  Europe, 
under  a  number  of  names,  an<l  has  recently  been  discussed  at 
some  length  by  Bornet  and  Flatanet.  According  to  Arthur, 
•who  studied  a  sterile  form  occurring  in  certain  Minnesota 
lakes,  it  is  believed  to  be  i>oisonou3  to  cattle  that  drink  the 
'water  containing  it.  Usually  it  is  found  without  sjxjres,  but, 
as  I  learn  from  M.  Bornet,  it  can  readily  be  kept  in  the  aqua- 
rium for  several  months,  during  which  time  the  sterile  forms 
usually  produce  spores. 

Frequenters  of  the  seashore  are  familiar  with  a  slime  of  a 
bright  peach-color  that  is  abundant  in  midsummer  in  and 
about  stagnant  pools  in  salt  marsh(^s.  This  is  of  the  same 
nature  as  the  scums  already  referred  to,  and  is  caused  by 
what  is  generally  called  Clathrocystis  roseo-peraicina,  a  plant 
related  to  the  chroococcaceae,  but  destitute  of  chlorophyll, 
and  recently  transferred  to  the  bacteria,  and  placed  under  the 
genus  Beggiatoa,  by  Zopf.  Si)ecies  of  Trichodesmium,  Spiru- 
liruit  Lyngbya,  Oscillaria^  etc.,  which  usually  grow  at  first  on 
the  bottom,  frequently  break  free  and  float  in  a  gelatinous 
film  of  a  yellowish,  blue-green,  violet  or  reddish  color;  and 
diffiused  threads  of  some  of  the  species  of  these  genera  more 
rarely  form  a  true  water-bloom*  Limnochlide  flos  aquce  is  also 
a  common  Nostochineous  si^ecies  that  forms  a  water-blcwm. 
In  Europe,  water  is  occasionally  fouled,  if  not  discolored,  by 
Leptomitub  lacteiiSy  one  of  the  Saproegnicaj,  and  Crcnothrix 
KUhniana,  one  of  the  bacteria  closely  related  to  Beggiatoa, 
Beggiatoa  alba  is  also  abundant  in  sulphur  springs,  hot  ditches 
and  stagnant  bays,  but  is  usually  attached  to  the  bottom,  float- 
ing only  exceptionally. 

Certain  species  of  Peridinium  and  Exiglena,  which  have  been 
regarded  as  infusoria  until  recently,  but  are  now  classed  by  Klebs  with  the 
algse,  are  quite  frequent  on  the  water  and  mud  of  stagnant  ditches,  etc., 
in  spring,  imparting  to  it  a  bright  red  or  green  color.     A  si)ecies  of  the 


Oloeotrichia 
risi'M  Thur. — 
Fertile  thread, 

(X  580.) 


*The  largest  of  these,  OscilUtria  princeps  Vauch,  with  filaments  30-57  y/  in  diameter,  is 
found  floating  in  such  masses  every  season  in  a  brook  near  the  city. 

*  I  have  In  my  herbariimi  a  specimen  of  Oscillaria  (or  Beggiatoa),  diffusa  Farlow,  the  oscll  - 
lating  threads  of  which,  composed  of  cells  4-5  yf/  in  diameter  and  2-4  yu  long,  gave  a  pro- 
nounced purple  color  to  the  water  of  Jamaica  Fond,  Mass.,  in  the  spring  of  1884,  as  I  am  in- 
formed by  Dr.  Farlow. 
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former  genus  was  so  abundant  in  the  drinking  water  of  Baltimore  as  to 
attract  attention  in  midwinter,  a  few  years  since.* 

In  closing,  a  word  may  be  added  concerning  certain  objects  to  some  ex- 
tent resembling  green  tomatoes,  that  have  been  noticed  a  number  of  times 
on  the  bottom  of  the  shallower  parts  of  Third  Lake,  and  of  the  larger  pools 
along  the  railroads.  These  are  of  rounded  form,  more  or  less  lobed,  and 
of  a  pale  bluish-green  color.  Their  texture  is  rather  firm,  so  that  they 
retain  their  form  when  taken  from  the  water,  though  they  may  be  easily 
crushed  to  a  formless  mass  of  jelly,  and  when  exposed  to  the  air  for  a  few 
days  dry  down  into  a  thin  film. 

These  bodies  are  colonies  of  Nostoc  vemicosum  Vauch.,  one  of  the  Nos- 
tochinese,  which  is  also  found  in  the  old  world.  Under  the  microscope 
they  are  seen  to  consist  of  numerous  contorted  threads  of  a  blueish-green 
color,  imbedded  in  a  colorless  jelly  that  holds  them  together  and  gives  form 
to  the  frond. 

The  following  list  of  papers  referring  to  the  water-bloom  is  confessedly 
incomplete,  but  it  will  serve  as  a  nucleus  for  other  references.  Only  the 
principal  papers  treating  of  the  recurrence  of  bacteria  in  quantity  have 
been  included;  other  references  may  be  obtained  from  them.  It  should  be 
added  that  comparatively  few  of  the  papers  referred  to  have  much  botani- 
cal value. 

On  the  flora  of  ice  and  snow  fields,  in  Alpine  and  Arctic  regions,  which 
often  produces  striking  color  effects,  see  Wittrock,  in  Nordenskiold's  Stu- 
dien  und  Forschungen,  veranl.  d.  meine  Reisi  im  hohen  Norden,  Leipsic, 
1885,  where  a  bibliography  of  the  subject  is  given. 

The  diatomaceous  origin  of  the  discoloration  of  Arctic  seas  is  discussed 
by  Robert  Brown,  in  the  Transactions  of  the  Botanical  Society  of  Edin- 
burgh, IX,  1867-8. 

Archer:  An  Oscillaria  of  Australian  seas  occurring  in  large  quantities. 
(Quart.  Joum.  Mic.  Sci.,  XVII,  214;  Bot.  Johresb.,  VI,  I,  403). 

Arthur:  A  supposed  poisonous  seaweed  in  the  lakes  of  Minnesota.  Proc. 
Am.  Ass.  Adv.  Sc,  1883,  XXXII,  p.  305  —  abstract. 

Arthur:  Some  Algao  of  Minnesota  supposed  to  be  poisonous.  (Bull.  Minn. 
Acad.  Nat.  Sci.,  XI,  3;  Fourth  Rep.  Univ.  Minnesota,  suppl.  i,  Rept.  Dept. 
Agr.,  1887,  97. 

Arthur:  Second  Report  on  some  Algae  of  Minnesota  supposed  to  be  poison- 
ous.    Fcurth  Report  Univ.  of  Minn.,  suppl.  i,  109. 

Berkeley:  Gleanings  of  British  Algae.  (Supplement  to  Sowerby's  English 
Botany,  1883). 

Bomet  &  Flahanet:  Sur  la  determination  das  rivulaires  qui  forment  des 
fleurs  d'eau.    (Bull  Soc.  Bot.  de  France,  1884,  76.) 


*  As  this  is  going  to  press,  I  notice  a  record  of  the  occurrence  of  certain  zoospores  in  such 
quantity  as  to  cause  a  water-bloom  (T>e  Toni,  Shrovo  Qion,  Bot.  Italiano,  xx.  295),  in  which 
references  are  given  to  several  othsr  Italian  papers  on  this  subject. 
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Brann:  Ueber  Chytridium,  eine  Oattun^  einzelliger  Schmarotzerge- 
-wachae  auf  Algennnd  Infusorien  (p.  50).   Abliandl.  Berlin,  Akad.,  1885,  21). 

Gohn:  Ueber  zwei  Folle  von  sogenanlQter  wasserbQthe  dnrch  Algen  ver- 
anlasst.  (Sitzber.  bot.  sect.  SclUes.  Ghjs  filr  Vat.  Culture,  Nov.  15,  1877; 
Hedingia,  1877, 188;  Bot.  Jahresb.,  v,  31). 

Ck>hn:  Rivulanria  flintaus  ad  int.  (Hednigia,  1878, 1 ;  Bot.  Jahresb. ,  vi. ,  1  ^ 
402). 

Ck>hn:  IJntenmchungen  Gber  Bacterien.  Verwandschaft  von  Asco- 
ooccus  mit  Chroococcaceen.  (Beite.  zur  Biol  der  Pflanzen,  I.,  3^  155  et 
•eg.). 

Ck)oke:    (British  Freshwater  Algae,  235,  237,  240,  249,  278). 

Cooke:  Breaking  of  the  meres.  (Grevillea,  X.,  Ill;  Am.  Monthly 
Micro.  Journal, in.,  94;  Bot.  Jahresbericht,  X.,  1,  330). 

Ckyppinger:    Oceanic  phenomena.    (Nature,  XXIII.,  482;  Bot.  Jahresber. 
IX,  1,  870). 

Dichie:    Botanist's  Guide  to  Aberdeen,  1880,  310. 

Dolley:  On  a  cilio-flagellate  infusorian  recently  observed  in  Baltimore 
drinking  water.    (Johns  Hopkins  Univy.  circulars,  III.,  60). 

Drummond:  On  a  new  OsciUatoria,  the  coloring  substance  of  Glaslough 
Lake,  Ireland.    (Ann.  Nat.  Hist.,  I.,  1). 

Ehrenberg:  Antheil  mikroskop.  Organismen  am  Verschlfimmen  der 
Seehafen  in  Wisman  und  Pillau  sowie  am  Schlich  des  Flussbettes  der  Elbe, 
imd  dber  die  Miteverbung  ahnlichen  Erscheinung  an  der  Bildung  des  Nil- 
bodens.    (Monatsber.    Berlin,  Akad.,  1841,  127;  201). 

Farlow:  On  certain  algoB  in  Hom  Pond.  (Proc.  Boston  Soc.  Nat.  Hist., 
XIX.,  47;  Bot.  Jahresber.  VII..  1,  460). 

Farlow:  Remarks  on  some  algaa  found  in  the  water  supplies  of  the  city 
of  Boston.    Bull.  Bussey  Inst.,  Jan.,  1877). 

Farlow:  Pai>er  on  some  impurities  of  drinking  water.  (Rept.  Mass. 
Board  of  Health,  etc.,  I.,  131.) 

Farlow:    Notes  on  fresh  water  algje.     Bot.  Gay.,  VIII.,  224,  246. 

Farlow:  Relation  of  certain  forms  of  algaa  to  disagreeable  tastes  and 
odors.    Proc.  Am.  Ass.  Adv.  Sc,  XXXII.,  1883,  306. — Abstract. 

Farlow:  On  the  nature  of  the  i>eculiar  reddening  of  salted  codfish  dur- 
ing the  summer  season.  (Rept.  U.  S.  Fish  Commission,  1878,  969).  See 
also  Revue  Mycologique,  VI.,  197,  VII,  17). 

Farlow:  Vegetable  parasites  of  codfish.  (Bull.  U.  S.  Fish  Comm.,  VI., 
1,  1886). 

Fleischer:  Uber  ein  massenhaftes  Aufstreten  von  Protococcus  roseo- 
persicinus  Ktz.    (Hedingia,  II.,  37. 

Francis:  Poisonous  Australian  lake.  (Nature,  XVHI,  11;  Bot.  Jahresb., 
VI.,  1,  402). 

Giard:  Etude  sur  une  bacterie  chromogenc  des  laux  de  rouessage  du  lin« 
Rev.  Sci.  Nat. ,  V.    Fide  Zopf . 
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Girod  Chantrans:  Recherches  chemiques  et  microscopiques  sur  les  con- 
ferves,  etc.  (Paris,  Ann.,  x. —  Vide  Schultz,  495). 

Gobi:  Mittheilungen  Gber  Rivularia  flos  aquae  Gobi.  (Arbeiten  Gtes. 
Naturf.,  St.  Petersb.,  X.;  Bot.  Zeitung,  1880,  478). 

Gobi:  Ueber  eine  die  Erscheinung  der  WasserblGthe  im  Meerwasser  her- 
vorrufende  Rivularia.  (Hedingia,  1878,  33. —  Nachtrag.  I.  c.,49;  Bot.  Jah- 
resber.,  VI.,  1,  402). 

Harz:  Ueber  die  im  veriflossenen  Jahre  beobachtete  TrGbung  desSchlier- 
seewassers.  Bot.  Centralblatt,  1887,  XXX,  286,  331. 

[Hitchcock]:  Water  colored  by  Algae.  (Amer.  Monthly  Micr.  Journal, 
ni.,  94). 

'  Humboldt:  Bericht  uber  die  natur  hist.  Reisen  der  Herm  Ehrenberg  und 
Heimpridt. —  vide  Schultz,  495. 

Magnus:  Das  Auftreten  von  Aphanizomenon  flos  aquae  (L.)  Ralfs  in  Eise 
bei  Berlin.  (Ber.  deutschen  Bot.  GreseUsch.,  I.,  3)  129;  Bot.  Jahresb.  6, 
XI.,  1,  293). 

Montague:  Memoire  sur  le  phenom^ne  de  la  coloration  des  eaux  de  la 
Mer.  Rouge.  (Comptes  rendus,  July  15,  1844;  Ann.  Sci.  Nat.,  Ser.  3,  II., 
832). 

Montague:  Note  sur  un  nouveau  fait  de  coloration  des  eaux  de  la  mer  par 
une  algue  microscopique.  (Comptes  rendus,  Dec.  16,  1846;  Ann.  Sci.  Nat., 
Ser.  3,  VI.,  262). 

Montague:  R^sum^  succinct  des  observations  faites  jusqui  ici  sur  la  rube- 
faction  des  eaux.    (Mem.  Soc.  de  Biologie,  I.,  59). 

Olivier:  Recherches  sur  la  rub6f action  natureUe  de  Teau.  (Bull.  Soc.  bot. 
de  France,  1881,  216). 

Pavesi:  Faune  pelagique  des  lacs  de  Teasin  et  d'  Italie.  (Archives  des  Sci. 
phys,  et  nat.,  Geneva.     Ser.  3,  IV.,  151;  Bot.  Jaliresb.,  VIII.,  1,  538). 

Phillips:  Breaking  of  the  meres.     (Grevillea,  IX. ,  41). 

Phillips:  The  breaking  of  the  Shropshire  meres.  (Trans.  Shropshire 
Archaeol.  and  Nat.  Hist.  Soc.  [1884?],  1). 

Ralfs:  On  the  Nostochineae.  (Ann.  and  Mag.  of  Nat.  Hist.,  Ser.  2,  V., 
321). 

Ray  Lankester:  On  a  peach-colored  Bacterium.  (Quart.  Journ.  Micr. 
Sci.,  n.  5.,  XIIL,  408). 

Ray  Lankester:  Further  observations  on  a  peach  or  red-colored  Bac- 
terium.    (Quart.  Jour.  Micr.  Sci.  n.  8.,  XVI.). 

Richter:  Ueber  die  in  den  Enterichelungskries  von  Beggiatoa  roseo- 
persicino  geborenden  seitheirgen  Algenspecies.  (Hedingia,  1884,  177). 

Richter:  Microcystis  Kiitz.,  ein  einzuziehendes  Algengenus.  (Hedingia, 
J885,  18). 

Schneider:     l^Iittheilung  tiber  die  grCinen  imd  gelben  Streifen  in  dem 
Meer  von  Java.  (Naturk.  Tydskr  f.  ned.  Indie,  1873,  XXXIII.,  302;  Lotos, 
1876,  63;  Bot.  Jahresber.,  Ill,  41). 

Schnetzler:  Ueber  eine  rothe  T&rbung  des  Bretsees  (lac  de  Bret),  Bot. 
Centralblatt,  1887,  XXXI.,  219. 
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Schultz,  C.  H. :  Die  Fortpflanzimg  und  Emahrung  du  Pflanzen,  18!^, 
495. 

Stalher.  Report  on  the  Waterville  cattle  disease  (see  Arthur).  Fourth 
Bep.  Univ.  Minnesota,  Suppl.  1,  Rep.  Dep.  Agr.    St.  Paul,  1887,  p.  105. 

Thompscm:  An  Alga  which  colors  Ballydrain  Lake  (Ann.  Nat.  Hist., 
ia40,  75). 

Treichel:  Ueber  Polycystis  aeruginosa  Kiltz,  als  Ursache  von  roth 
gef&rbtem  Trinkvaaser,  (Ber.  2  Versamml.  Westpreuss.  Bot.  Zool.  Vereins 
jEU  Marienweider,  am  22  Juni  1879. — fide  Bor.  Jahresber.,  VII.,  1,  486). 

Weisse:  Monas  Oiieini.  (Bull.  Phys.  Math.  Acad.  St.  Petersburg,  III., 
810). 

Weisse:  Zereite  Verzeichniss  St.  Petersb.  Infusorien.  (Bull.  Phys.  Math. 
Acad.  St.  Petersburg,  III.,  833). 

Wittrock :  Anabaena  (Dolichospermum)  Nassallii  (KGtz.)  Wittr.  ( Wittroch 
&  Nordstedt's  Algae  aqa3  dulcis  exsiccated.  No.  496;  Bot.  Notiser,  1882,  58; 
Bot.  Jahresb.  X.  1,  880;  XI.  1,  244,  280.) 

Wolle:  Fresh  Water  Alga?.  Bull.  Torr.  Bot.  Qub,  Vin.,38;  and  Fresh 
Water  Algss  of  the  United  States,  Betlilehem,  1887. —  various  places. 

Wood:  Contribution  to  the  history  of  the  fresh  water  algsa  of  North 
America,  p.  89,  etc.  (Smithsonian  Ck>ntributions,  1872). 

Zopf :  Die  Spaltpilze,  1883,  74  et,  seq,,  where  other  references  concerning 
Beggiatoa,  etc.,  are  given. 


Description  of  Plate  X. 

1 — 4.    Anabaena  Jiassalln  (Kg.)  Wittr, 

1.  Filament  of  Nostocflos  aquae  Lyngb.  (X  580).  From  a  sketch  kindly 
furnished  by  Dr.  Bomet. 

2.  Filament  of  Nostoc  flos  aqiiae  Ag.  (X580).  From  sketch  by  Dr. 
Bomet. 

8.  Filament  and  spore  of  Anabaena  circinalis  Rab.  (X  580).  From  trac- 
ing by  Dr.  Bomet,  from  analyses  of  Algen  Sachsens,  No.  209. 

4.  Fertile  filament  and  two  mature  spores  of  Anabaena  {sphaerozyga) 
Jlo8  aquae  (Lyngb.)  (X  580).    From  Lake  Mendota. 

5.  Two  filaments  and  mature  spore  of  Anabaena  niendotae  Trelease. 
(X  580).    From  Lake  Mendota. 

6.  Part  of  filament  of  Lyngbya  wollei  Farlow.  (X580).  From  Lake 
Mendota. 

7.  Coelospkaerium  Kutzingianum  Noeg.  From  Lake  Mendota. — a. 
Fronds  (X  25).  6.  Group  of  cells  as  seen  from  the  surface  (X  580).  c.  Cells 
as  seen  in  radial  section  of  frond  (X  580). 

8.  Clathrocystis  aeruginosa  (Kiittz).  From  Lake  Mendota. —  a.  Frond 
(X26).    6.  Single  cells  (X  580). 

I 
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THE  VILLAGE  COMMUNITY  AND  SERFDOM  IN  ENGLAND. 


By  Prof.  WM.  F.  ALLEN. 

The  existence  of  village  communities  with  collective  ownership  of  land, 
in  England ,  is  a  fact  of  comparatively  recent  discovery.  Long  after  von  Mau- 
rer  and  the  writers  of  his  school  had  submitted  the  subject  to  an  exhaustive 
investigation,  in  relation  to  the  Teutonic  countries  of  the  continent,  it  was 
believed  that  England  afforded  no  examples  of  the  system.  The  eye  of  the 
American  traveler  upon  the  continent  is  constantly  struck  by  the  ribbon- 
like strips  which  almost  everywhere  testify  to  a  system  of  occupation  and 
cultivation  of  land  differing  widely  from  that  of  his  own  country;  while  in 
England  the  fields,  of  irregular  size  and  shape  —  although  enclosed  with 
hedges  instead  of  stone  walls  and  rail  fences  —  are  precisely  what  he  is  fa- 
miliar with  at  home.  It  was  only  after  the  inquiry  was,  so  to  speak,  com- 
pleted for  the  continent,  that  a  German  scholar,  Prof.  E.  Nasse,  of  Bonn, 
took  it  up  in  relation  to  England,  and  showed  that  here,  too,  the  system 
of  village  communities,  with  an  open-field  system  of  husbandry,  was  the 
prevailing  one  during  the  middle  ages.* 

The  line  of  inquiry  entered  upon  by  Prof.  Nasse  in  the  work  referred  to, 
was  shortly  after  followed  out  by  Sir  Henry  Maine  in  his  **  Village  Com- 
munities," (1871);  and  more  recently  Mr.  Frederick  Seebohm,  in  his 
•*  English  Village  Communities,"  (1883),  has  given  a  description  and  analy- 
sis of  this  institution  which  could  not  be  surpassed  in  thoroughness  and 
lucidity.  Since  the  publication  of  this  work,  in  1883,  there  has  no  longer 
been  any  room  for  difference  of  opinion  as  to  the  existence  of  village  com. 
munities  in  England,  or  indeed  as  to  their  organization  in  almost  the  small- 
est detail.  A  new  controversy  has,  however,  been  suggested  by  his  work. 
Mr.  Seebohm  holds  that  these  village  communities  were  not,  in  their  origin, 
groups  of  free  peasant  proprietors,  reduced  by  gradual  steps  to  a  condition 
of  serfdom,  as  the  accepted  theory  maintains,  but  that  serfdom  was  their  orig- 
i  nal  condition,  there  having  been  no  essential  change  in  this  respect  from  the 
first  settlement  of  England  down  through  the  feudal  period.  This  view  is 
closely  connected  with  Mr.  Seebohm's  theory  of  the  primitive  aristocracy  of 

1  See  his  treatise,  trasslated  and  published  by  the  Oobden  Club:  The  Agricultural  Com- 
munity of  the  Middle  Ages,  and  Inclosures  of  the  Sixteenth  Century  in  England.  Lon- 
don: Williams  &  Norgate,  1872. 
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the  Germanic  nations,  which  I  discuFsod  in  a  former  paiver.*  Holding  that 
serfdom  was  the  original  condition  of  the  matK  of  the  Geiman  i  eople,  he 
naturally  holds  that  the  same  was  true  of  the  EngHi>h  fciettlers.  A  nd  it  must  be 
conceded  that,  if  his  theorj-  is  true  for  Geimany,  it  must  lerforce  he  true 
for  England,  while  the  converse  does  not  hold.  To  prove  the  primitive  democ- 
racy of  the  Germans  does  not  prove  a  primitive  democracy  for  the  English, 
for  the  reason  that  their  migration  and  con<juest  of  a  foreign  land  may 
have  worked  a  fundamental  change  in  their  social  institutions. 

The  question  to  be  considered  is,  it  will  be  seen,  not  whether  the  village 
community  existed  or  not;  that  has  been  placed  beyond  controversy  by 
Messrs.  Nasse  and  Seelwhm.  It  is,  whether  it  was  a  free  or  a  serf  commun- 
ity; and  the  question  resolves  itj-elf  at  once  into  a  larger  one,,  as  to  the 
origin  of  serfdom  in  England.  Tliis  will  form  the  subject  of  the  present 
paper. 

It  has  generally  been  held  that  serfdom  in  England  was  in  part  at  least 
the  result  of  a  gradual  deterioration  in  the  condition  of  an  originally  free 
peasantry — that  while  no  doubt  some  serfs  were  in  their  origin  emancipated 
slaves,  and  others  contiuered  Britons,  while  others  again  were  brought  over 
as  serfs  by  the  English  conquerors;  nevertheless  the  largest  portion  of 
them  were  the  descendants  of  the  conquerors  themselves,  the  rank  and  file  . 
of  the  invading  armies,  who  had  sunk  by  degrees  to  a  condition  not  much 
above  that  of  the  native  Britons.  This  view  is  disputed  by  Mr.  Seebohm. 
According  to  him  there  was  no  large  body  of  free  Germans,  but  the  invad- 
ing armies  were  composed  of  chieftains  with  servile  followers,  whom  they 
settled  at  once  as  serfs  upon  their  estates.  The  manorial  system  of  the 
middle  ages,  therefore,  existed  from  the  first;  the  free  Angle  or  Saxon  was 
the  lord  of  the  manor,  or  thegn,  the  herfs  whom  he  brought  with  him,  or 
found  already  upon  the  soil,  were  the  tame  body  as  the  villeins  of  the 
feudal  period.  ^ 

His  line  of  argument  is  as  follows:  Finding  serfdom  to  be  the  condition 
of  the  peasantry  in  the  middle  ages  in  aFFcciation  with  the  village  com- 
munity, he  traces  both  institutions  back  by  an  inductive  process  of  remark- 
able ingenuity  and  cogency,  to  the  reign  of  Alfred,  at  the  beginning  of  the 
tenth  century,  at  which  point  of  time  he  shows  that  the  condition  of  the 
peasantry  did  not  differ  essentially  from  what  it  was  in  the  reign  of  Ed- 
ward I.,  four  hundred  years  later.  Further  back  than  this  he  is  not  able 
yy^  to  go  with  the  same  thoroughness  of  detail,  for  the  want  of  documentary  evi- 
J  dence;  he  finds,  however,  passages  in  the  laws  of  the  seventh  century  which 
appear  to  support  his  view,  and  maintains  that  if  we  find  no  change  in 
tracing  the  institution  back  six  h  undred  years  to  the  time  of  these  law^s, 
we  should  not  be  likely  to  find  any  change  if  we  could  trace  it  lack  still 
further  for  the  much  fhorter  period  of  two  hundred  years  or  to,  to  the  first 
settlement  of  the  Angles  and  Saxons  in  Britain.  This  argument  is  still  fur- 
ther strengthened  by  the  assertion   that  serfdom  not  merely  existed  in  the 

>  See  Transactions  of  the  WisconBin  Academy,  Vol.  YI. 
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tenth  century  (and  probably  in  the  eighth)  as  well  as  in  the  thirteenth 
but  that  it  was  more  complete  and  harsh  at  the  earlier  date  than  at  the 
latter.  If  these  conclusions  are  correct,  if  the  agricultural  population  of 
England  was  in  a  condition  of  serfdom  uninterruptedly  from  the  eighth  cen- 
tury to  the  thirteenth,  and  if  its  early  form  was  more  severe  that  its  later, 
he  must  be  admitted  to  have  made  out  his  case. 

As  to  the  first  point,  it  should  be  noted  that  he  has  proved  the  existence 
of  serfdom  only  as  far  back  as  the  tenth  century;  its  existence  at  an  earlier 
f  date  is  only  an  inference,  partly  from  analogy,  partly  from  evidence  which, 
as  will  be  shown  further  on,  proves  the  existence  of  the  open-field  system 
of  husbandry,  but  not  of  'serfdom.  The  positive  evidence  goes  no 
further  back  than  the  time  of  Alfred.  Now  the  interval  between  Alfred 
and  the  original  settlement  of  the  Anglo-Saxons  in  Britain  is  just  about  as 
long  (40(r  years)  as  that  between  Alfred  and  Edward  I. ;  moreover,  it  is  an 
important  consideration  that  the  years  directly  following  the  conquest 
would  be  likely  to  witness  far  more  rapid  and  radical  changes  than  the 
ater  period. 

The  second  point  in  his  argument,  that  serfdom  is  found  to  be  more 
harsh  in  its  type  as  we  trace  it  further  back  in  time,  requires  a  careful  ex- 
amination, being  opposed  to  the  accepted  view,  and  resting  upon  evidence 
of  a  rather  doubtful  character.  We  have  numerous  documents  belonging 
to  various  point  of  time  from  the  tenth  to  the  thirteenth  century,  which 
contain  a  detailed  enumeration  of  the  duties  and  obligations  of  serfs*  as 
well  as  the  amount  of  land  they  held.  Now  the  obligations,  so  far  as  they 
are  specifically  enumerated,  are  much  more  numerous  and  burdensome  at 
the  later  period  than  at  the  earlier:  but,  at  the  earlier  date,  we  find,  in  ad- 
dition to  the  specific  obligations,  such  general  and  indefinite  ones  as:  '*  to 
work  as  the  work  requires,"  and  **  every  week  do  what  work  they  are  bid." 
In  such  general  and  unlimited  obligations  as  these,  he  says,  consists  the 
essence  of  servitude. 

This  argument  requires  that  the  obligations,  beginning  in  the  tenth 
century  with  unhmited  liability  to  labor,  should  go  on  regularly  lessening 
in  amount  and  becoming  easier  through  the  feudal  period.  The  contrary 
is,  however,  the  case.  Leaving  out  of  account  for  the  present  the  indefi- 
nite expressions  just  cited,  to  which  we  shall  return  presently,  we  find  the 
precisely  enumerated  obligations  to  be  less  in  the  tenth  century  than  in  the 
twelfth,  and  in  the  twelfth  century  again  to  be  less  than  in  the  thirteenth. 
That  is,  while  there  is  an  iminterrupted  continuity  through  these  four  hun- 
dred years  in  the  organization  of  the  peasantry  and  the  general  character  of 
their  obligations,  these  obligations,  as  specified  in  detail,  appear  to  have 
been  steadily  increasing  during  this  period.  Even  the  example  given  by 
Mr.  Seebohm  (p.  157),  of  the  manor  of  Tidenham  at  the  two  periods,  sus- 
stains  this  view,  except  for  the  phrase,  **  work  as  the  work  requires,"  at  the 
earlier  period;  and  a  comparison  of  the  duties  specified  in  the  Rectitudinea 
9ingularum  personarum  with  the  numerous  descriptions   in  the  Rotuli 
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hundredorum  or  the  Cartularies  in  the  reign  of  Edward  I. ,  shows  a  much 
larger  amount  of  required  labor  at  the  later  pericKlJ 

In  one  instance  we  have  iKwitive  evidence  in  detail  of  this  increase  in 
burdens.  Tlie  residents  of  Weston,  in  Bedfordshire,  ma<lc?  a  complaint  to 
the  officers  of  Edward  I.  that,  in  the  rei^n  of  his  grandfather.  King  Jolm, 
they  were  accustomed  to  bilwrin  autumn  only  for  three  harvest  days,  on 
which  days  they  were*  provide*!  with  fcxnl  at  their  lord's  table,  one  day  of 
fish  and  two  of  meat.  But  William  de  Boklaud,  to  whom  King  John 
granted  the  estate,  increased  the  afon^siiid  serviie  by  one  iulditional  day,  at 
the  lord's  table.  Afterwards  tlie  aforos'iid  manor  came  to  Jolm  Tregoz,  who 
augmented  the  service  to  such  a  degree  that  now  th*\v  [H^rform  ten  days' 
work  in  autumn  at  their  own  providing,  and  one  day  besides.*-'  Here  we 
have  on  record  an  actual  example  of  an  abuse  of  iK)wer  by  the  feudal  lord, 
in  increasing  the  burdens  of  his  serfs,  such  as  we  nuist  supiK)se  to  have 
been  common  in  those  evil  days.  It  is  a  significant  point  tliat  the  extortions 
here  described  were  not  the  work  of  one  man,  but  of  three  successive  pro- 
prietors. 

As  to  the  phrase  in  question  —  to  do  ''every  week  what  work  they  are 
bid"  —  it  is  best  explained  as  a  general  authority  to  call  uix)n  them  when 
there  was  need,  with  an  understanding  that  no  unreasonable  demands 
should  be  imposed  upon  them.  In  this  resjject  this  obligation  resembles 
the  feudal  aids  and  tallages,  which  also  were  levied  at  di.Hcretion,  but  were 
understood  to  be  only  occasional,  and  implied  nothing  servile  in  the  relation. 
Feudal  aids  and  tallages  were  nevertheless  liable  to  abuses  and  extortion 
bv  reason  of  their  indefiniteness,  and  were  at  last  defined  by  law.  So  in 
like  manner  the  indefinite  obligations  in  cpiestion  gave  opix)rtunity  for  ar- 
bitrary exactions,  like  those  in  the  manor  of  Weston,  descrilxnl  alx)ve.  It 
may  have  l:)een  the  case,  t<x>,  that  such  obligations  as  these  were  not  uni- 
versal, but  i)eculiar  to  such  and  such  an  estate.  Tlie  tenth  century  docu- 
ment, RectiUuiines  singnlnrnm  personarumy  says  distinctly  that  the 
obligations  vary,  being  lighter  here  and  heavier  there;  but  what  it  describes 
the  usual  ones  are  much  less  in  amount  than  what  was  common  in  the 


>  Compare,  for  th«  earlier  period,  the  Rectitudines  ttinyularum  personarum,  the  Codex 
Diplomaticus,  No.  977,  and  the  illustration  given  by  Mr.  Seebohm,  p.  157:  for  the  twelfth 
century,  the  Domesday  of  St.  Paul,  and  tho  Abingdon  Cartulary,  Vol.  II,  p.  301;  for  the 
close  of  the  thirteenth  century  the  documents  are  very  abundant,  the  most  numerous  ex- 
amples being  in  the  Rotuli  Hundredonnn  and  the  Gloucester  Cartulary,  Vol.  III. 

*  In  tempore  Regum  Henrici  et  Johannis  dicti  homines  non  consuevenmt  oi>erari  in  au- 
tumpno  nisi  tantum  tres  messes  in  quibus  diebus  debebant  exhil>eri  in  oibis  et  potibus  ad 
mensam  domini  una  die  in  esu  piscium  et  aliis  duabus  in  esu  carnium.  Postmodum  Willelmus 
de  Boclond  augmentavit  dictum  scrvicium  et  per  Ipsmn  crevit  ijer  unam  diem  mes.sis  ad 
mensam  domini.  Postmodum  Ilamo  le  Crevequer  tenuit  dictum  manerium  in  eodem  statu 
toto  tempore . .  .  Item  deinde  venit  dictum  manerium  ad  manu.^  .lohannis  Tregoz  qui  praedic- 
tiim  servicium  augmentavit  in  tantum  quod  modofiunt  decern  oi)eracione-s  in  autumpno  ad 
mensam  suam.  Item  praeter  istam  operacionem  exigitur  ab  hominibus  praedictis  una 
water-l>ederipe  et  fit.  Et  tunc  bibmit  aciuam,  et  hoc  crevit  primo  per  dictum  Hamon, 
etc.    Rotuli  Hundredorum^  i.  6. 
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thirteenth  century.  It  should  be  noted  also  that  the  Rectitudines  speaks 
distinctly  of  the  tenants  in  question  as  freemen.  ^ 

I  cannot,  therefore,  concede  to  this  part  of  Mr.  Seebohm's  argument  the 
weight  which  he  claims  for  it.  He  does  not  seem  to  me  to  have  proved  that 
the  obligations  were  less  in  the  thirteenth  century  than  in  the  tenth;  on  the 
other  hand  the  evidence  seems  to  me  to  lean  strongly  the  other  way.  But 
he  has  proved,  and  it  is  a  fact  of  great  importance,  that  the  character  of 
the  obligations,  and  the  status  of  the  peasantry,  did  not,  so  far  as  our  infor- 
mation goes,  differ  essentially  in  the  tenth  century  from  what  we  find  in 
the  thirteenth.  It  is,  therefore,  perfectly  legitimate  on  his  part  to  infer 
that  this  condition  of  the  peasantry,  found  alike  in  the  thirteenth  and  in 
the  tenth  century,  probably  existed  in  the  earlier  centuries  also.  The  infer- 
ence is,  however,  only  a  probable  one,  in  the  absence  of  direct  evidence,  and 
direct  evidence  is  wanting.  For  the  period  before  the  time  of  Alfred,  he  is 
obliged  to  have  recourse  to  indirect  evidence,  in  the  assumption  that  serf- 
dom and  the  **  open-field  husbandry  "  went  together. 

Up  to  this  point  he  has  traced  the  open-field  system  and  serfdom  step  by 
step,  accompanying  each  other  hand  in  hand.  Beyond  this  point  he  is  not 
able  to  trace  serfdom,  but  the  open-field  system  is  traced  back  at  least  two 
centuries  further,  and  he  says  that,  as  it  has  always  carried  serfdom  with  it 
in  the  later  period,  it  may  fairly  be  assumed  to  do  the  same  thing  in  the 
earher  period.  '*  The  community  in  villenage,"  he  says  (p.  105)  '*  fitted  into 
the  open  field  system  as  a  snail  fits  into  a  shell.  ^*  But  it  is  by  no  means 
clear  that  a  free  community  might  not  have  fitted  into  this  shell  equally  well, 
as,  indeed,  the  prevailing  theory  holds.  The  only  argument  to  prove  that 
the  community  could  not  have  been  a  free  one  is  (p.  177)  tliat  the  Teutonic 
custom  of  dividing  estates  equally  among  heirs  would  have  led  to  endless 
and  intricate  subdivisions  of  laud.  But  this  is  exactly  what  we  find  to  have 
been  the  case.  The  virgateor  **  yard-land,"  which  he  assumes  to  have  been 
the  regular  peasant's  holding,  and  which  as  a  matter  of  fact  was  the  usual 
one  in  the  thirteenth  century,  was  the  fourth  part  of  a  hide;  and  it  is  gen- 
erally held  that  the  hide,  not  the  virgate,  was  the  original  holding.  And  at 
any  rate,  in  the  thirteenth  century,  we  find  tenures  of  half  and  quarter 
virgates,  and  even  smaller  ahquot  parts,  by  the  side  of  the  regular  tenure  of 
the  virgate;*  exactly  the  condition  of  things  which  3Ir.  Seebohm  says  would 
have  come  about. 

To  carry  back,  therefore,  the  open-field  system  to  the  seventh  and  sixth 

*  Sicut  omnis  liber  facere  debet. 

>  For  example,  in  the  manor  of  Broctrope  (Gloucester  Cartulary,  iii,  p.  140),  I  And 
among  the  freeholders  two  tenants  holding  entire  virgates,  and  five  holding  half  virgates; 
and  among  the  customary  tenants  one  with  a  virgate,  nine  with  half-virgates,  two  with  quar- 
ter virgates,  and  five  with  an  amount  of  land  equal  to  a  sixteenth  of  a  virgate,  these  dif- 
ferences evidently  coming  from  the  sub-division  of  the  original  hide.  For  other  examples, 
see  my  paper  on  Kural  Classes  in  the  Thirteenth  Century,  Vol.  II,  of  the  Transactions  of 
the  Academy:  that  the  socage  freeholds  were  originally  servile  holdings  is  shown  in  my 
paper  on  the  Origm  of  the  Freeholders,  Vol.  IV,  of  the  Transactions. 
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centuries,  as  Mr.  Seebobm  does  by  almcist  certain  inference,  is  a  valuable 
contribution  to  our  knowledge;  but  tbat  serfdom  went  back  with  it  is  an 
unwarranted  inference.  The  que^^tion  of  f r€H?dom  or  serfdom  is  the  funda- 
mental one,  that  of  land  tenufo  or  husbandry  being  really  but  secondary. 
To  this  fundamental  question  of  status,  therefore,  we  will  now  apply  our- 
Belves,  leaving  that  of  land  occuimtion  aside  for  the  present. 

At  this  point  it  must  be  conceded,  as  I  have  said  before,  that  the  exist- 
ence of  a  large  body  of  free  peasants  in  the  Germanic  nations  of  the  continent, 
^ivhich  r  consider  to  be  fully  proved,  does  not  necessarily  prove  the  existence 
of  the  same  class  in  England.  The  Angles  and  Saxons  settled  forcibly  and 
▼ery  slowly  in  Britain,  and  it  is  not  in  itself  im])ossible  that  the  whole  body 
of  the  Conquerors  became  a  landed  aristocracy  in  their  new^  home,  estab- 
lishing such  a  system  of  manors,  with  a  i)opulation  of  serfs  upon  them,  as 
^re  find  in  later  centuries.  This  is  Mr.  Seebohm's  view.  But  the  probability 
is  the  other  way.  The  Angles  and  Saxons  did  not  enter  Britain  as  the  Nor- 
mans did  afterwards,  as  a  handful  of  conquerors,  ruling  over  a  subject 
people,  ^ey  came^ff  c  ^^r^^u^  bringing  their  wives  and  cliildren  with 
them,  not  as  an  armj^  and  with  regard  to  the  Angles  we  are  expressly 
told '  thaTlllByTeft  vacant  the  country  which  they  had  formerly  occupied 
—  the  entire  people  having  migrated.  Moreover  the  native  inhabitants 
wereas  a  people  exterminated;  in  the  eastern  parts  of  the  island  their  lan- 
Cpiage,  their  rehgion,  and  so,  far  as  we  can  judge,  their  institutions  and 
customs  disappeared.  If  the  invaders  establishe<l  a  system  of  serfdom  in 
Britain,  they  must  have  brought  the  serfs  with  them,  otlierwiso  the  servile 
population  would  have  had  the  preponderence  of  numbers,  and  the  resulting 
community  would  have  been,  as  in  the  case  of  the  Normans  and  the  Franks, 
the  native  population  with  an  admixture  of  the  conquerors,  instead  of  —  as 
the  language  shows  to  have  been  the  case  —  the  conquering  population  with 
an  admixture  of  natives.  Now  the  Germans  had  in  their  native  land  a 
class  of  serfs  called  lidi  or  lazziy  and  tlie  Anglo-Saxon  laws  mention  a  similar 
class  called  laety  whom  we  must  suppose  to  have  been  the  serfs  (/idt),  brought 
with  them  by  the  invaders.  Tliese  laet,  the  serfs  of  the  Anglo-Saxon 
period,  Mr.  Seebohm  suggests  (p.  175),  may  have  been  identical  with  the 
villanif  who  were  the  serfs  of  the  later  middle  ages.  Tliis  cannot,  however, 
be  the  case,  as  the  villani  are  invariably  identified  with  a  quite  different 
class,  the  ceorls. 

This  brings  us  to  the  most  fimdamental  question  in  the  subject  under 
consideration:  Were  the  ceurla  of  tlie  early  j)eriod  a  free  or  a  servile  class? 
Two  things  are  entirely  certain:  fiist,  that  tlie  Anglo-Saxon  cc^orZs  were  the 
villani  of  the  Latin  documents;  secondly  that  the  villani  of  the  later  mid- 
dle ages  were  serfs.  Tlie  i)oint  at  issue  is  whether  these  eeorls  were  origin- 
ally serfs,  as  Mr.  Seebohin's  theory  would  re(iuire,  or  became  serfs  by  a 
gradual  process  of  deterioration,  as  the  coiniaon  theory  holds.     I  shall  en- 


^  de  ilia  jnttrhi  quae  Anyulun  diritur,  ct  oh  eo  tthiporc  u^qiie  lujdic  desert  us  inter  pro- 
vinciaa  Jutorum  ei  Saxonum    erhibetur.    Beda.  Hist.  EccL,  i,  15. 
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deavor  to  show:  first,  that  the  ceorls  of  the  early  Anglo-Saxon  period  were 
freemen;  secondly,  that  the  villani  of  the  later  period  were  not  always  serfs, 
there  bemg  found  some  survivals  of  their  original  free  condition. 

The  first  thing  to  be  noted  is  that,  as  has  been  already  pointed  out,  there 
was,  in  the  early  Anglo-Saxon  period,  a  class  known  by  the  name  of  laet^ 
who  were  undoubtedly  serfs,  the  lidi  of  the  continent.  They  had  below 
them  the  slaves,  esne  and  theou\  and  above  them  the  ceorls.  Now  as  the 
ceorls  certainly  ranked  above  this  servile  class,  it  may  be  assumed  that  they 
were  themselves  probably  free.  This  probability  is  made  stron{:^er  by  the 
consideration  that  the  Saxons  of  the  continent  had  a  class  of  common  free- 
men intermediate  between  the  lidi  or  serfs  and  the  edelingi  or  nobles,  a 
class  which  has  no  representatives  among  the  Anglo-Saxons  unless  in  the 
ceorls,  ,the  class  under  consideration.  This  class  upon  the  continent  was 
called  frilingi,  and  in  Anglo-Saxon  also  we  meet  the  friman  (freeman)'  al- 
though this  term  is  for  the  most  part  superseded  in  the  early  Jutish  laws  by 
the  Scandinavian  word  ceorls. 

The  probability  is  therefore  that  the  ceorls  were  a  free  class.  We  will 
proceed,  however,  to  examine  the  actual  us^  of  the  word,  in  order  to  deter- 
mine whether  this  probability  is  sustained  by  facts.  First  we  will  take  up  the 
poems  of  Beowolf,  a  work  which,  whatever  its  date  and  place  of  composi- 
tion. unquClitiuuttbly  presents  the  most  ancient  picture  in  existence  of  the 
institutions,  condition  and  manners  and  customs  of  the  Anglo-Saxons.  In 
this  poem  I  find  the  word  ceorl  six  times.  In  none  of  these  is  it  applied 
to  a  servile  class,  or  even  used  in  a  disparaging  sense.  Twice  (vv.  416  and 
2,972)  it  is  used  of  princes;  in  three  cases  (yv.  202,  908,  1,591)  of  the  people 
in  general,  and  in  the  sixth  case  (v.  2,444)  of  a  man  of  the  people.  If  it 
has  one  meaning  that  could  apply  to  aU  these  cases,  it  is  perhaps  manr 

We  pass  next  to  the  ^"fTlfl-fi°Yt?"^  codes  of  law.  In  the  earliest  of  these 
laws,  those  of  Ethelbert  of  Kent  (about  600)  ceorl  is  several  times  used  as 
equivalent  to  man  or  even  husband.  It  is  also  used  to  designate  a  legal 
class  below  the  Bang  and  eorl  (officer).  The  King's  mundbyrd  is  placed  at 
50  shillings,  the  eorPs  at  twelve,  the  ceorFs  at  six.  The  ceorl  was  therefore 
a  man  of  standing.  He  even  had  other  men  under  his  protection.  Section 
16  speaks  of  his  cup-bearer,  hirele,  section  25  of  his  hlaf-aeta  *'  loaf -eater  " 
or  dependent  —  the  correlative  of  hlaford  (lord)  or  **  loaf -giver."  The 
ceorl  could  therefore  be  the  lord  of  another  man.  Section  17,  foUowing 
directly  upon  the  mention  of  the  ceorls*  mundbyrd  and  birele,  speaks  of  a 
man's  tun  or  estate,  as  it  has  before  spoken  of  the  King's  and  the  corl's  tun; 

»  Leg.  Aeth.  24,  27,  29,  31. 

s  It  should  be  noticed  that  in  the  Rigs-mal,  the  allegorical  poem  which  treats  of  the  ori- 
gin of  the  Scandinavian  classes,  Karl  (Ceorl)  is  the  common  freeman,  "  the  red-haired  and 
ruddy  cheeked  lad  with  piercing  eyes,"  whose  sons  were  "  Freeman  and  Braveman,  Hold, 
Thane  and  Smith.  Broadshoulders  and  Bonde  [Peaaant]  '^  etc.  The  corresponding  German 
word  Kerl  has  a  somewhat  disparaging  signification,  while  the  English  word  churl  is  sig- 
nificant of  the  degradation  which  the  class  sustained  in  England. 
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eridentlj  the  man  here  is  the  ceorl;  the  ceorl  could  therefore  have  an  es- 
tate of  kud.  - 

The  later  laws  of  Kent  contain  nothing  that  adds  to  the  evidence  here 
^▼en.  The  next  stage  in  the  in(jiiiry  is  the  laws  of  Ine  of  Wessex,  alK)ut 
700,  that  is,  about  UX>  years  aftor  those  of  Ethellwrt,  and  300  years  after  the 
first  settlement  of  Wessex.  In  tliose  laws  we  find  clear  recognition  of  the 
ceorls  as  a  free  class,  inferior  to  tlio  noble  class  of  sithcmidmen.  The 
ceorrs  fine  for  neglecting  military  duty  is  30  shillings,  that  of  i\\&  sithcund- 
man  being  60  or  120,  according  as  he  liad  land  or  not  (g  51).  Now  by  Qer- 
manic  law  none  but  freemen  could  render  military  service.  Therefore  the 
ceorl  was  a  freeman.  Again,  in  acciLsations  of  liomicide,  he  is  placed  in  re- 
gard to  compurgation  on  precisely  the  same  footing  with  the  sifhcinulman 
(§  54).  On  the  other  liand  a  certain  degra<lation  is  clearly  visible,  in  the 
penalty  of  amputation  of  hand  or  f(K)t,  inflicted  for  certain  offences 
(§§  18,  37).  It  would  appear  also  that  the  cw)rl  wa,s  already  recpiired,  or  at 
least  expected,  as  he  certaiidy  was  afterwards  required,  to  have  a  lord; 
sections  37,  38  and  40  treat  of  the  ceorl,  and  betwei^n  them  comes  §  39,  re- 
ferring to  "  any  one  "  running  away  from  his  lord  —  which  would  c-ertainly 
seem  to  mean  **  any  ceorl." 

There  is  another  passage  of  the  laws  of  Ine  (g  67),  brought  up  by  Mr.  See- 
bohm,  as  a  proof  of  the  existence  of  serfdom  at  this  i>eriod,  but  which  rAther 
shows  that  it  was  in  the  process  of  introduction,  than  that  it  was  already 
existent.  I  give  his  translation.  "If  a  man  agrees  for  a  yard-land  or 
more  at  a  fixed  gaf  ol  (rent)  and  plough  it,  if  the  lord  desire  to  raise  the 
land  to  him  to  ipork  and  to  gaj'ol  he  need  not  take  it  upon  him  if  the  lord 
do  not  give  him  a  dwelling.''  This  statute  testifies  to  the  practice  of  ex- 
action and  encroachment  by  which  tenants  were  converted  into  serfs,  a 
process  well  attested  at  this  very  period  in  the  Frank  monarchy.  It  is 
clear  that  the  peasants  (assuming  them  to  have  l^een  originally  free),  had 
already  in  large  part  been  reduced  from  proprietors  to  tenants,  the  lands 
were  rapidly  being  absorbed  into  large  manorial  estates,  and  by  the  same 
process  their  proprietors  were  becoming  tenants;  the  next  step  was  to  con- 
vert them  from  free  tenants  into  serfs. 

At  about  this  period  —  the  close  of  the  seventh  century  —  belong  the 
earliest  (except  tliree  or  four)  of  the  cliarters  and  land  grants,  which  exist  in 
great  abundance,  and  afford  the  most  valuable  material  for  the  study  of 
early  English  social  and  economical  relations.  In  them  we  find  that  the 
grants  consist  regularly  of  estates  with  their  tenants;'  and  the  size  of  the 

>  The  charters  In  question  bo^in  in  the  reiffn  of  Ethelbert  of  Kent,  the  first  Christian  king, 
in  the  year  G05.  In  all  his  charters  the  fn*ants  are  merely  of  land  —  aliquantulum  telluris 
m«t  (a  little  bit  of  my  land)  Thorpe's  Oj<Jex Diplomat icus.  No.  1;  at iquam  partem  terrae 
juris  mei  (a  certain  part  of  the  land  under  my  jurisdiction).  No,  2;  villam  nomine  Sturigao 
(an  estate  named  Sturigaw.),  No.  4.  A  charter  of  his  son  Eadbald  (No.  5)  says  quanOam 
partem  terrae  regni  mei,  xxx  aratrorum  (a  certain  part  of  the  land  of  my  kingdom, 
80  plough-lands).  It  is  not  until  the  close  of  the  conturj',  that  the  land  is  defined  as  of  so 
many  occupants;  the  first  is  (670)    No.  7,  unum  cussatum  (one  cottager).    From  this  time 
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estates  is  regularly  estimated  by  tenants  —  cassati^  manentes,  tributarii^ 
sometimes  mansa  and  hida,  all  these  terms  being  used  as  equivalent.*  This 
shows  that  the  peasants  were  at  this  time  largely  tenants  upon  the  estates 
of  others;  it  does  not  show  that  they  were  originally  so,  or  that  they  were 
serfs.  That  they  were  still  personally  free,  although  upon  the  point  of  los- 
ing their  freedom,  is,  I  think,  proved  by  the  ©vidence  which  I  have  brought 
up:  it  is  a  fair  inference,  from  the  analogy  of  other  Oermanic  nations,  that 
their  land  was  also  originally  their  own,  and  this  seems  also  to  follow  from 
the  mention  of  the  **  mannes  tun  "  (Aeth.,  17),  when  speaking  of  the  ceorls. 
After  Ine's  laws,  of  about  the  year  700,  there  is  a  gap  of  nearly  two  hun- 
dred years,  until  the  time  of  Alfred,  in  which  reign  the  series  of  statutes 
begins  again,  and  continues  in  an  unbroken  succession  until  the  conquest. 
The  most  important  change  noted  in  the  new  series  of  laws  after  this  inter- 
val, is  the  uniformity  and  reiteration  with  which  it  is  required  that  every 
man  must  have  a  lord,  and  the  rights  of  the  lord  are  maintained 
against  the  caprice  of  the  man,  or  the  rivalry  of  other  lords.  Omnis 
homo  habeat  advocatum  suum  (every  man  shall  have  his  surety)  Edward,  1. : 
nan  recipiat  aliquis  hominem  alterius  sine  licentia  illius  (No  person  shall 
receive  the  man  of  another  without  his  permission),  id.  7.,  are  regulations 
repeated  in  substance  in  nearly  every  body  of  laws.  But  notwithstanding 
the  rigid  requirement  of  this  submission  to  a  lord,  it  appears  that  there  still 
survived  a  certain  freedom  of  choice  in  the  act:  ne  domirius  libero  homini 
hlafordsoknain  interdicat  (let  not  the  lord  prohibit  the  free  man  to  choose  a 
lord).  Here  the  free  status  of  the  man  is  clearly  implied;  and  in  the  laws  of 
Alfred  we  have  a  number  of  provisions  testifying  to  the  lawworthiness  and 
therefore  original  freedom  of  the  peasants.  Si  quis  in  ceorlisces  mannes 
flet  gefeohte^  i,  e.,  in  rusticani  hominis  domus  area  pugnet  (if  any  one 
fights  in  the  court  of  a  ceorl).  Section  40.  Ccorli  eodorbrece,  i.  e. ,  rust  lei 
sepia  f  radio  (trespasses  upon  the  enclosure  of  a  ceorl),  where  the  ceorl  is 
placed  on  the  same  footing  as  the  king,  the  bishop,  the  alderman,  etc. 
Section  10  places  the  ceorl  on  the  same  legal  footing  with  the  twelfliynd 
and  sexhynd  men,  who  were  thegns.    Section  25  speaks  of  ceorles  iiiennen^= 


this  is  the  universal  method;  but  there  are  several  expressions  which  show  that  it  is  still 
the  land,  reckoned  in  peasants'  holdings,  rather  than  the  peasants  themselves,  that  is  con- 
veyed* by  the  g^rant.  No.  8,  (675)  says  guandam  /crram  ....  id  est^  decern  ma nentes 
(a  certain  piece  of  land  .  .  .  that  is  to  say,  ten  tenants).  No.  10,  terrain  .  .  .  xviii 
nianentes  continentem  Cland  containing  eighteen  tenants.)  No.  12,  centum  manentcs  qui 
CLdjacent  civitati  ClOO  tenants  adjoining  the  city).  No.  88  (691)  terram  .  .  .  quadra- 
inta  quatuor  casaatorum  capacem  (lAQd  containing  forty-four  cottagers).  No.  40,  quadra- 
ginta  terrae  illius  vianentes  (forty  tenants  of  that  land);  and,  especially.  No.  20,  terra 
super  verticem  viontis.  .  .  est  sub  estimatione  sex  manentium  (land  on  top  of  the  mountain 
reckoned  to  be  of  six  tenants).  In  all  these  cases  it  is  clear  that  measurements  of  land  are 
in  question,  and  in  the  last  instance  it  is  apparently  unoccupied  land,  roughly  estimated 
in  terms  of  peasant  holdings. 

*  "  ...  ten'am  septies  quinos  trilmtariorum  jugera  continentem.  Est  autem  rus 
praedictum  in  quatuor  villulis  seitaratum  .  .  .  quimjue  manentium  .  .  .  decern 
cassatorum    .    .    .    decem  mansionum    .    .    .    decern  manentium.    Cod.  Dipl.  cxi. 
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eeorles  mancipium  (the  slave  of  a  ceorl).  Sections  11  and  35  are  peculiarly 
(significanty  as  they  aim  to  protect  the  ceorl  and  his  wife  against  i)er8onal 
violence;  showing  that,  while  they  were  still  free  in  law,  they  were  never- 
theless on  the  road  to  serfdom,  and  were  especially  subject  to  abuse  by  the 
powerful. 

We  have  thus  followed  the  word  ceorl,  and  the  class  which  it  designates 
(the  peasants)  from  the  earliest  times  down  to  the  time  of  Alfred,  exactly 
the  point  of  time  which  Mr.  Seebohm  reached,  from  the  opposite  direction. 
As  he  traced  the  manorial  organization  and  a  servile  peasantry  step  by 
step  from  the  time  of  Edward  I.  back  to  that  of  Alfred;  so  we  have  traced 
ft  class  of  free  peasants  from  the  time  of  the  original  conquest  down  to  the 
reign  of  Alfred,  and  have  found  it  gradually  subjected  to  restrictions  and 
obligations  which  have  converted  it  into  a  servile  or  semi-servile  class. 
Mr.  Seebohm's  serfs  were  known  as  villani;  the  free  peasants  of  the  early 
period  were  known  as  ceorh;  and  there  is  the  most  indisputable  evidence 
that  these  are  the  Latin  and  the  Anglo-Saxon  names  respectively  for  the 
same  class;  this  class  was  the  peasantry,  who,  by  this  evidence,  appear  to 
have  been  at  first  freemen  and  afterwards  serfs. 

Undoubtedly  there  were  manorial  estates,  with  serfdom,  in  the  earliest 
times,  existing  by  the  side  of  the  townships  of  free  peasants,  and  following 
the  same  system  of  open-field  husbandry.  On  the  other  hand  it  appears 
clearly  that  the  entire  class  of  peasants  or  ceorls  was  not  reduced  to  servi- 
tude. We  could  not  be  surprised  if  no  free  villani  or  free  townships  (villce) 
were  met  with  in  the  records,  for  it  was  only  the  proprietory  townships,  or 
manors  (especially  those  belonging  to  ecclesiastical  proprietors),  which  had 
a  sufficiently  systematic  administration,  and  exercised  sufficient  care  in 
the  preservation  of  documents,  to  aflford  adequate  evidence  as  to  their  ex- 
istence and  condition.  But  as  a  matter  of  fact  there  is  clear  evidence  of 
free  peasants  and  even  of  free  townships  in  the  feudal  period.  For  example: 
Alvarstoke  in  Hampshire,  at  the  time  of  Domesday  Brook  (i.  41,  b.)  was 
held  by  its  own  villani  (ceorh),  tenants  of  the  convent  of  St.  S within,  of 
Winchester.  The  number  of  villani  was  forty-eight,  and  there  were  no 
slaves,  or  tenants  of  a  lower  grade  (bordarii).  Two  hundred  years  later 
their  charter  was  confirmed  by  the  prior  of  Winchester,  to  the  effect  "  that 
they  and  their  posterity  (sequela)  should  be  forever  free  and  quit  from 
tallages,  salt-rent,  chersot  of  hens  and  eggs  and  pannage  of  hogs;  should 
be  at  liberty  to  make  wills  and  dispose  of  tlieir  cliildren  and  avers  [averia= 
beasts];  ...  all  pleas  except  pleas  of  the  crown  should,  by  consent  of 
lx)th  parties,  be  pleaded  and  tried  without  delay  in  the  court  of  Alwarstoke, 
in  the  presence  of  the  prior  and  his  seneschal,  according  to  the  law  and 
customs  of  England,  and  the  usage  of  the  free  tenants  of  the  county." 
This  document  is  fortified  by  the  seal  of  the  community,  given  by  Sir 
Frederic  Madden  in  the  Winchester  volume  of  the  Archaeological  Proceed- 
ings as:  Sigill:  comnne:  homimim:  prioris:  Sci  Sunthuni:  de  Alivarestoke. 
In  1841  an  inquisition  declares  **that  there  are  no  traders  in  Alverstoke, 
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and  that  all  live  by  agriculture  and  hand  labor."  Melebroc  (Millbrook)  in 
the  same  county  the  Domesday  record  (i.  41,  b.)  gives  as  being  held  by 
villani.  Of  Ibthorpe  we  are  told:  "The  people  of  Ibthorpe  are  lords  of 
their  own  manor  and  to  this  day  exercise  their  manorial  rights."*  It  is 
hard  to  explain  these  cases  except  as  original  village  commimities  of  free 
peasants,  who,  in  losing  the  ownership  of  their  land  and  becoming  ten- 
ants, did  not  lose  their  freedom  or  their  rights  as  a  community. 

I  have  shown  that  the  Anglo-Saxon  ceorU,  or  peasants,  were  in  the  sixth 
and  seventh  centuries,  that  is  the  |>eriod  directly  following  their  migration 
to  England,  not  serfs  but  freemen,  possessing  houses,  lands,  serfs  and  slaves 
of  their  own;  that  at  the  end  of  the  seventh  century,  the  period  of  the  laws  of 
Ine,  they  are  still  distinctly  recognized  as  freemen,  but  as  subject  to  certain 
exactions  and  encroachments  on  the  part  of  the  more  powerful  classes, 
which  were  reducing  them  to  a  8emi-ser\^e  condition,  in  particular  encour- 
aging the  practice  of  connneitdation,  or  placing  themselves  under  the  pro- 
tection of  a  lord,  and  becoming  his  "  men;"  and  that  in  the  time  of  Alfred 
this  practice  of  commendation  had  become  universal  and  obligatory,  and 
their  servile  condition  distinctly  recognized. 

In  short,  the  history  of  the  English  peasantry  in  the  Anglo-Saxon  period, 
corresponds  very  closely  to  that  of  the  same  class  upon  the  continent  in  the 
same  period.  In  both  England  and  Germany  the  free  peasants  appear  to 
have  been  forced,  by  the  disorders  and  distresses  of  society  to  commend 
themselves,  or  seek  the  protection  of  men  higher  in  station  than  themselves, 
The  protection  was  not  granted  without  some  equivalent  —  service,  follow- 
ing, surrender  of  land  to  be  given  back  again  as  tenure,  requirements 
of  labor,  becoming  more  and  more  onerous  as  the  relation  became  more 
and  more  fixed,  until  at  last  they  were  stripped  not  only  of  their  pos- 
sessions, but  even  of  personal  freedom,  and  reduced  to  the  state  of 
complete  serfdom:  —  not  so  complete,  however,  in  the  case  of  the  Eng- 
lish peasants,  but  that  the  memory  of  their  original  freedom  was  preserved 
in  the  principle  that  it  was  only  in  relation  to  their  lords  that  they  were 
serfs,  and  that  towards  all  others  they  were  freemen,  having  well  defined 
rights  before  the  law,  and  a  recognized  place  in  the  constitution. 

1  Antiquary,  February,  1888. 
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TOWxV,  TOWNSHIP  AND  TITHING. 


By  Prof.  WM.  F.  ALLEN. 

The  town  is  in  many  resj^ects  the  most  characteristic  institution  of  the 
political  system  of  the  northoni  states  of  the  American  Union,  and  of  the 
piimitive  constitution  of  the  English  ix?ople.  It  may  be  defined  as  a  terri- 
torial district,  the  inhabitants  of  which  compose  a  body  politic,  small 
enough  to  allow  the  immediate  participation  of  all  its  citizens  in  the  gov- 
ernment of  its  local  concerns,  and  forming  an  organic  part  of  the  structure 
of  the  state.  Its  powers  of  local  self-government  are  not  original  and  in- 
herent, but  derived  from  the  larger  body  of  which  it  forms  a  part;  they  are 
nevertheless  substantial  and  permanent,  in  this  respect  differing  from 
those  of  the  school  districts  or  wards  into  which  the  town  or  city  is  divided. 
The  City  under  our  system  is  only  a  larger  and  specially  organized  Town; 
the  Incorporated  Village  of  New  York  and  the  West  is  a  peculiar  addition 
to  the  Town  system,  not  forming  structurally  a  part  of  it. 

The  Town,  as  thus  defined,  is  peculiar  to  England  and  the  United  States, 
and,  in  its  complete  development,  to  the  New  England  States.  In  all  the 
other  Germanic  countries  the  territorial  division  corresponding  to  the  Town 
stopped  short  of  an  indeixindent  political  life,  being,  from  the  point  of  view 
of  the  State,  nothing  but  a  private  corporation  for  economical  purposes, 
with  only  inchoate  functions  as  a  body  politic.  In  all  these  countries  the 
Hundred  was  the  smallest  district  of  a  public  character;  just  as  in  our 
southern  states  the  County  is  the  agent  of  local  self-government.  But  the 
County  and  the  Hundred  are  too  large  to  allow  the  immediate  participation 
of  all  the  citizens  in  the  transaction  of  public  business.  The  communities 
in  which  these  large  districts  are  tlie  only  agent  of  local  self-government 
are  necessarily  aristocratic  in  their  political  character.  It  was  the  growth 
of  Feudalism,  or  the  establishment  of  centralized  monarchies,  in  the  Ger- 
manic countries  of  the  continent,  that  checked  the  development  of  an  in- 
stitution corresponding  to  the  English  Town.  In  England  the  growth  of  a 
landed  aristocracy  and  of  a  centralized  monarchical  power  were  not  early 
or  rapid  enough  to  kill  the  germs  of  local  self-government,  although  they 
seriously  interfered  with  its  development. 

The  political  functions  of  the  English  towns  were  so  largely  obscured 
during  the  middle  ages  by  the  manorial  or  feudal  organizations  to  which  they 
were  subjected,  that  there  have  arisen  some  doubts  as  to  their  extent,  and 
even  their  existence.    Bishop  Stubbs,  in  his  "Constitutional  History  of 
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England  "J(Vol.  i,  p.  82),  asserts  that  (in  Anglo-Saxon  times)  "  the  unit  of  the 
constitutional  machinery  is  the  township,  the  villata  or  vicus.^'  This  is  the 
view  which  I  have  already  presented;  but  a  review  of  Stubbs'  work  in  the 
North  American  Review  (July,  1874),  understood  to  be  by  the  then  edi- 
tor of  the  Review,  Prof.  Henry  Adams,  takes  exception  to  the  assertion, 
Baying  that  the  township  has  no  constitutional  functions  "  of  any  kind,  sort 
or  description;"  that  the  unit  of  the  constitutional  machinery  in  England, 
as  on  the  continent,  was  the  Hundred.  **  The  one  permanent  Germanic  in- 
stitution," he  says,  **  was  the  Hundred.  The  one  code  of  Germanic  law 
was  Hundred  law,  much  of  which  is  now  the  common  law  of  England. 
The  Hundred  and  its  law  survived  all  the  storms  which  wrecked  dynasties 
and  Witan.  It  was  the  foundation  of  the  judicial  constitution  under  the 
conqueror  as  it  had  been  imder  Cnut  and  Alfred."  The  same  view  is  re- 
peated in  Prof.  Adams'  "  Essays  on  Anglo-Saxon  Law,"  p.  32. 

That  the  hundred  was  the  lowest  political  division  in  Germany,  as  Prof. 
Adams  asserts,  admits  of  no  doubt.  This  fundamental  fact,  together  with 
the  non-political  character  of  the  lower  territorial  divisions,  is  perhaps  best 
formulated  by  Sohm,*  who  points  out  that  the  local  governments  in  Ger- 
many were  purely  private  corporations,  having  no  public  character  or  func- 
tions. But  it  does  not  follow  that  what  was  true  of  Germany  was  necess- 
arily true  of  England.  England,  although  a  Germanic  country,  received 
in  many  respects  a  different  development  from  Germany ;  and  it  is  the  essence 
of  Bishop  Stubbs'  position  that  this  was  the  case  with  the  territorial  organ- 
ization below  the  Himdred.  As  the  word  **  town  "  (tun^  tunscip)  is  peculiar 
to  England,  so,  it  may  be,  is  the  thing  designated  by  it.  This  distinction  is 
supp>orted  by  Von  Maurer,  the  writer  of  highest  authority  upon  the  genesis 
of  local  institutions,  who,  in  his  Einleitung  zur  Geschichte  der  Mark,  Hof, 
Dorf  uiid  Stadtverfassung  (§145,  p.  332),  asserts  that  the  English  institu- 
tions differed  fundamentally  from  the  German  in  this  respect.  When, 
therefore.  Prof.  Adams  says  that  such  an  institution  as  the  one  in  question 
**  would  be  quite  at  variance  with  aU  that  we  know  of  German  law,"  he  ap- 
pears to  stretch  the  argument  from  analogy  further  than  is  warranted.  The 
very  question  at  issue  is  whether  the  development  of  English  institutions 
did  not  upon  this  point  depart  from  German  analogy. 

I  shall  speak  first  of  the  territorial  character  of  the  English  towns ,  and 
then  of  their  political  character;  and  shall  try  to  show  that  we  are  to  seek 

»  The  following  passage  expresses  Sohm's  theory  with  great  fulness:  Zum  groisen  NacK- 
theil  der  Oesammtauffasgung  nicht  bloa  der  Verlialtnisse  dea  frdnkiahen  Reiches,  sotidem 
der  gesammten  mittel-alterlichen  EnUoickelung  wird  die  Thatsache  in  der  Regel  iibersehei^ 
dcus,  der  Reichsverfassung  der  frdnkiac?ien  wie  der  deutachen,  eine  Ortsgemeindeverfassung 
unhekannt  ist.  Die  Reichsverfassung  kennt  keine  weiteren  Zwecke  auaaer  denjenigen,  deren 
Realisirung  in  Qau  und  Hundertschaft  voraich  geht . .  .  Die  Ortsgemeindeverjasstinp  ist  aus 
keinem  anderen  Orunde  local  fUrjede  Ortagemeinde  verachieden,  ala  weil  die  Ortsgemein- 
deverfaaaung  aua  der  autonomen  Enttmckelung  der  einzelnen  Oemeinden  hervorgegangen 
iat.  Die  Ortagemeindever/aasung  iat  Verfaaaung  nur  kraft  Corporationarechta^  nicht 
kraft  Reicharechta.    Sohm,  (Altdeutsche  Reicfut  und  Oerichtaver/aaaung,  /,  p.  231). 
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for  analogies  with  them,  not  so  much  in  the  institutions  of  Germany,  from 
which  those  of  England  were  in  a  st^nse  derived,  as  in  those  of  New  Eng- 
land, which  are  simply  a  continuation  of  those  of  England. 

That  the  towns  in  England  formed  a  complete  territorial  system  as  sub- 
divisions  of  the  hundreds,  uchkIs  no  argument,  as  it  is  amply  attested  by 
mediaeval  writers  and  documents.  It  is  a  familiar  fact  that  they  were 
regularly  represented  in  the  courts  of  the  hundred  and  the  shire.  I  will 
also  cite  the  authority  of  Chief  Justice  Fortescue,  in  his  De  Laudibua 
Legum  Angliae,  who  says  that  the  Shires  or  Counties  were  divided  into  Hun- 
dreds, and  the  Hundreds  into  Towns  or  Vills  (ch.  xxiv).  Hundreda  vero  divi- 
duntur  per  villas.  This  language  indicates  clearly  that  *  *  towns  "  were  in  the 
middle  of  the  fifteenth  century  territorial  divisions  of  the  hundreds;  tliat  is, 
that  the  entire  area  of  the  hundred,  and  therefore  of  the  county,  was  di- 
vided up  into  the  areas  of  the  several  towns  composing  the  hundred.  And 
this  is  still  further  shown  by  his  going  on  to  say  that  under  the  appellation 
of  towns,  **  the  cities  and  boroughs  are  included.  For  the  boundaries  of 
these  vills  are  not  ascertained  by  walls,  buildings  or  streets,  but  by  a  compass 
of  fields,  large  districts  of  land,  some  hamlets,  and  divers  other  Umits,  as 
rivers,  water-courses,  woodlands  and  wastes  of  commons."  It  Ls  evidently 
the  intention  of  the  writer  in  these  words  to  contrast  the  English  towns 
with  some  other  towns,  the  bounds  of  which  are  determined  not  by  natural 
objects,  but  by  artificial  ones;  and  this  object  of  comparison  can  be  only  the 
walled  towns  and  cities  of  the  continent,  especially  of  France,  the  country 
with  which  Fortescue  constantly  compares  England.  Attention  is  here 
drawn  to  the  important  fact  that,  whereas  upon  the  continent  the  munic- 
ipal system  was  sporadic,  the  open  country  having  no  institutions  of  local 
self-government  proper,  the  Englisli  municipal  system  was  continuous,  em- 
bracing the  entire  territory  of  the  country.  Tlie  borough  was,  as  Bishop 
Subbs  says  (vol.  i,  p.  9*2),  "simply  a  more  strictly  organized  form  of  the 
township;"  and  the  city  a  bishop's  seat,  with  borough  organization.  And 
both  borough  and  city  made,  as  Chief  Justice  Fortescue  says,  a  part  of  the 
town  system. 

This  town  system  was  brought  over  to  this  country  by  our  ancestors,  and 
put  in  operation  in  all  the  northern  colonies.  The  town  system  of  New 
England,  as  a  system  of  territorial  areas,  is  the  town  system  of  mediasval 
England;  and  when  the  people  of  New  England  had  outgrown  the  town 
system  in  its  primitive  form,  they  developed  a  new  form  of  organization 
on  precisely  the  same  lines  as  the  Enghsh.  The  New  England  ^'city** 
(and  so  the  Pennsylvania  **  borough  "),  is  simply  a  specially  organized  town, 
and  forms  a  part  of  the  town  system,  just  as  is  the  case  with  the  boroughs 
and  cities  of  Chief  Justice  Fortescue's  difinition.  A  city  is  territorially  a 
town.  And  here,  as  in  the  case  of  so  many  so-called  Americanisms,  we 
have  preserved  the  old  English  usage,  which  has  disappeared  in  England 
itself.  The  town,  in  its  ecclesiastical  organization,  was  a  "  parish,"  and  in 
the  sixteenth  century  the  parish  organization  began  to  sui)ersede  the  co- 
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ordinate  town  organization  for  purposes  of  local  self-government.*  It 
would  seem  that  in  the  seventeenth  century,  when  this  country  was  settled, 
this  process  had  not  been  completed.  The  colonists  brought  with  them  both 
institutions,  and  —  as  all  New  Englanders  know — the  parish  and  the 
town  were,  as  a  rule,  identical  in  New  England  as  in  Old  England. 
But  while  in  New  England  the  ecclesiastical  organization  became  quite  sec- 
ondary, and  has  now  practically  disappeared,  in  Old  England  the  reverse 
was  the  case.  The  parish  organization  has  crowded  out  that  of  the 
town.  As  an  English  correspondent  writes  me:  **  With  us  town = market 
town" — a  specially  privileged,  and  I  suppose  specially  organized,  class  of 
towns.  The  towns  of  the  open  country  ar^  known  as  parishes,  and  the 
functions  of  local  self-government,  so  far  as  they  continue  to  be  kept  up, 
are  administered  by  the  vestry,  or  parish  assembly.  Still  even  now  we  find 
a  survival  of  the  old  usage.  The  same  correspondent  writes:  *'  I  am 
talking  with  the  squire;  the  church  bell  sounds,  and  I  ask  him  if  he  knows 
why:  he  replies  *  for  a  parish  meeting,  I  suppose.*  Again,  in  a  conversation 
with  a  laborer,  to  the  same  question  he  will  reply:  *  for  a  town  meeting,  I 
suppose,  sir.*  **  Here  the  primitive  term  has  lingered  among  the  peasantry, 
while  it  has  been  dropped  by.  the  aristocracy. 

The  transition  from  town  to  parish,  and  the  equivalency  of  the  terms,  as 
well  as  the  fact  of  local  self-government,  to  be  considered  further  on,  are 
illustrated  by  local  documents.  For  example:  in  the  reign  of  Edward  VI. ,  un- 
der the  influence,  I  suppose,  of  the  radical  reformation  of  the  church  favored 
by  that  monarch,  we  have  a  record  of  a  large  amount  of  chtirch  plate  and 
other  property  sold  in  the  eastern  counties,  by  the  authority,  as  it  is  stated, 
sometimes  of  the  town,  and  sometimes  of  the  parish,  showing  that  the  two 
terms  are  employed  as  identical.  For  example:  "Barkinge.  Certifficat  of 
Church  wardens  there.  We  present  that  we  have  solde  by  the  consente  of 
thole  paryshe  a  crosse  parcell  gylte,  etc.  ...  to  Robert  Blnappe  and  Roger 
Hylle  of  the  same  towne."  '*  Beccles  .  .  .  solde  anno  primo  Edwardi 
sexti  Regis  etc,  by  the  Townshype  and  Churche wardens  so  moch  plate  as 
amounteth  to  the  some  of  xl  1."  East  Anglian^  May,  1885.  "  Church- 
wardens of  Martillesham.  .  .  .  goods  sold  by  the  said  churche  Revies 
and  other  the  hoole  Inhitants  of  the  said  towne."  id.,  March,  1887.  This 
last  instance  appears  to  show  an  identity  of  the  church-wardens  with  the 
mediaeval  reeve.  At  a  later  date  we  find  the  village  of  Exning  (Suffolk), 
which  at  the  close  of  the  sixteenth  century  "  appears"  says  the  correspon- 
dent who  mentions  it,  "  to  have  been  dignified  with  the  title  of  *  Town ',  viz. , 

1590. 
"Item,  pd  the  xx  daye  of  Aprill  for  a  quarter  of  wyne  for  the  town 
xij.  d.  etc.**  id.,  March,  1888. 

1  See  Qnelst's  History  of  the  English -Constitution,  Vol.  li,  p.  196.  As  this  g^reat  writer  is 
wont  to  depreciate  the  popular  elements  in  the  English  constitution,  it  is  not  surprising 
that  he  does  not  recognize  the  town,  villata,  as  a  regular  part  of  the  machinery  of  govern- 
ment in  the  middle  ages. 
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It  will  be  noticed  that  in  these  extnu^  the  words  **  town  "  and  "  town- 
ship "  are  used  intercliangeably .  Tnfe  Wte  the  case  also  in  the  early  history 
of  New  England.  For  example:  in  the  Massachusetts  Body  of  Liberties 
(1641)  we  find  **town"  in  Articles  16,  50,  51,  57,  62  and  85;  **  townsliip"  in 
Articles  66,  68  and  84,  used  with  no  apparent  distinction  of  meaning.  Ar- 
ticle 74  couples  them  togetlier:  **  the  freemen  of  every  town  or  township.*' 
We  can  perhaps  trace  a  dispositiou  to  use  the  word  **  town"  when  speak- 
ing of  the  cori)orate  body,  and  *'  township"  for  territory,  e.  g..  Article  78, 
where  it  is  forbidden  to  expend  "any  town  treasure  but  by  the  freemen  of 
that  townsliip."  At  present  I  believe  the  word  **  towTiship  "  is  not  in  use  in 
New  England,  except  occasionally  to  designate  the  town  from  the  point 
of  view  of  the  territorial  area;  never  as  a  body  politic.  Curiously  enough,. 
it  is  tliis  word,  fastened  upon  by  De  Tocciueville,  that  is  regularly  used  by 
foreign  writers  to  describe  the  New  England  town  system.  The  term 
** /oim«/ii;) system"  is  proi)erly  used  in  this  country  only  for  the  six-mile 
square  divisions  of  the  public  lands,  laid  out  by  the  government  surveys. 
The  states  erected  out  of  these  public  lands  have  a  town  system  of  their 
own,  parallel  with  the  national  township  system,  and  generally  coinciding, 
with  it  in  respect  to  division  Unes,  but  not  always.  For  example,  the  town 
of  Trempealeau,  Wis. ,  contains  the  whole  of  Township  19,  N. ,  Range  9, 
W.,  and  parts  of  Townships  17  and*18.  Range  9,  and  18  and  19,  Range  10. 
In  the  primitive  Anglo-Saxon  usage  the  word  **  township,"  ^u?28etp,  ap- 
pears to  have  been  regularly  used  to  designate  the  town  as  a  municipahty 
while  "town,"  tuUj  was  the  settled  portion  —  what  in  New  England  is 
called  the  **  village  "  or  the  "  middle  of  the  town." 

This  distinction  is  quite  in  accordance  with  the  etymology  of  the  word. 
It  is  well  known  that  **  town,"  tun,  is  the  same  word  with  the  German 
zauUy  hedge  or  fence.  But  while  the  Oermans  never  used  the  word  zaxui 
to  designate  the  enclosed  (fenced-in)  area;  the  Anglo-Saxons,  on  the  othei 
hand,  never  used  the  word  tun  except  to  designate  this  enclosed  area;  the 
primitive  meaning  of  enclosing  body  having  been  entirely  lost.  Now  the 
thing  fenced  in  was  the  village,  or  group  of  houses,  which  was  accordingly 
the  tun'y  and  the  tunscipy  or  township,  was  the  area  of  land  which  be- 
longed with  the  village  as  a  municipal  organization.  As  a  consequence, 
the  word  tun  was  i>opularly  apphed  to  any  place  of  collective  residence;  as 
where  the  Saxon  Chronicle  (Land  Ms.  An.,  584),  says:  Ceaiclin  manige 
tunas  genani  —  **CeawUntook  many  towns."  In  the  course  of  time  the 
word  toum  appears  to  have  crowded  out  the  more  strictly  correct  word 
townshipy  in  the  sense  of  designating  the  territorial  area  as  a  municipality; 
and  in  this  sense  the  word  was  brought  to  New  England  by  the  colonists 
of  the  seventeenth  century.  In  this  country  the  meaning  of  the  word  is 
precisely  that  of  Fortescue's  time.  In  England,  on  the  other  hand,  the 
modern  use  appears  to  be  a  survival  of  the  loose  and  popular  early  usage, 
as  applying  to  any  place  of  collective  residence;  being  hmited  in  England 
at  the  present  day  to  large  places. 
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In  limiting  the  signification  of  the  word  ttiriy  to  designate  not  the  object 
which  encloses  (its  primitive  meaning),  but  the  space  enclosed,  the  Anglo- 
Saxon  agrees  with  the  Scandinavian  language,  as  is  the  case  with  so  many 
words  and  institutions  of  the  early  Anglo-Saxon  period.  The  definition  of 
the  Icelandic  tun,  as  given  by  Vigfussen,  is:  **  a  hedged  or  fenced  plot,  en- 
closure within  which  a  house  is  built;  then  the  farm-house  with  its  build- 
ings; the  homestead."  This  is  precisely  the  meaning  which  the  word  has 
in  the  earliest  Anglo-Saxon  laws,  those  of  Aethelbilirt  of  Kent;  it  will  be  re- 
collected that  the  settlers  of  Kent  were  Jutes,  that  is  Scandinavians,  rather 
than  Saxons,  like  the  rest  of  the  migratory  tribes.  In  these  laws  we  read  of 
a  king's  tun  (Ch.  5),  an  eorl's  tun  (Ch.  18),  and  a  "  mannes  tun"  (Ch.  17)  in 
all  which  cases  tu7i  is  clearly  the  hedged  enclosure,  the  homestead.'  From 
the  fenced  enclosure  of  an  individual  homestead  or  field  to  that  of  a  village, 
as  in  the  later  laws,  is  an  easy  step;  or  rather  the  two  uses  are  alike  easy 
transitions  from  the  original  signification  of  the  enclosing  fence  or  hedge. 

This  further  extension  of  the  word,  however,  does  not  appear  to  have 
been  made  by  the  Scandinavians  of  the  continent  any  more  than  by  the 
Germans.  None  of  the  Teutonic  nations  of  the  continent  appear  to  have 
had  any  territorial  subdivision  of  the  hundred,  of  a  substantial,  individ- 
ual, public  character.  With  them  the  hundred  was  the  unit  of  the  consti- 
tutional machinery;  and  any  lesser  subdivisions  stood  to  the  hundred  very 
much  as  our  school  districts  or  wards  do  to  our  towns  or  cities  —  as  mere 
shifting  administrative  districts,  having  no  substantial  powers,  and  not 
forming  a  body  politic.  Scholars  are  now  agreed,  as  I  have  already  said,  that 
the  Dorfschaft  was  a  division  of  a  purely  secondary  character,  for  agricul- 
tural and  economical  purposes.  Nevertheless  it  corresponded  closely  in  its 
origin  to  the  English  townsliip;  and  might,  except  for  the  early  feudaliza- 
tion  of  Germany,  have  attained  an  equal  degree  of  independence.  Dorf, 
village,  is  the  exact  equivalent  in  meaning  (not  in  etymology)  of  the  English 
tun,  and  the  affix  schaft  is  the  English 'scip;  so  that  *' township"  is  in 
meaning  precisely  the  German  Dorfschaft ^ 

From  the  territorial  character  of  the  English  township,  we  pass  to  the 
consideration  of  its  pohtical  character,  as  **  the  unit  of  the  constitutional 
machinery."  Direct  evidence  for  this  is  not  very  abundant,  but  seems  to 
be  entirely  sufficient.  I  have  already  spoken  of  Chief  Justice  Fortescue's 
mention  of  town  (villa)  as  an  integral  part  of  the  hundred,  just  as  the  hun- 
dred was  an  integral  part  of  the  shire.  It  is  important  also  to  note  the 
well-known  fact  that  the  town  (villata)  was  throughout  the  mediaeval 

>  This  signification  appears  to  have  survired  in  Scotland;  as,  in  Scott^s  Redgauntlet, 
Letter  XI.,  where  Darsie  Latimer  expresses  a  doubt  whether  he  ought  to  go  to  Redgaunt- 
et's  "  town  ^^  in  disguise,  the  context  showing  that  it  is  only  his  house  that  is  meant. 

3  The  German  city  of  the  middle  ages  was  created  not  like  the  English  borough,  by  giv- 

■ 

ing  higher  powers  to  an  already  existing  organism,  but  by  cutting  out  a  section  of  ter- 
ritory and  bestowing  upon  it  public  functions  of  a  municipal  character.  See  articles  by 
V.  Below,  Iliatoriche  Zeitschri/t,  1888. 
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period  the  unit  of  representation*  —  and  that  not  as  «  mere  representative 
district,  but  as  a  body  politic;  for  at  this  period  representation  was  never  of 
artificial  divisions,  but  of  corporate  bodies.  This  is  clearly  a  pohtical  or 
constitutional  function.  Such  phrases  as  **  by  the  consent  of  the  saide 
Township,"  and  "with  the  consent  of  the  hole  Towne,"  in  the  sales  of 
church  proi)erty  mentioned  above,  imply  organized  and  collective  action  — 
an  assembly  or  "  town  meeting  "  of  some  sort. 

That  the  township  lacked  the  higher  judicial  powers  lb  admitted  by  Bishop 
Stubbs,  who  says  (p.  90):  **  their  assemblies  are  rather  gemots  or  meetings, 
than  proper  courts;  for  any  contentious  proceedings  amongst  men  so  closely 
connected  and  so  few  in  number,  must  have  been  carried  immediately  to  the 
hundred  court."  That  the  tnwriehip  did  have  a  gemot  or  meeting,  is  proved 
by  the  mention  of  a  tunscipesmot  in  a  charter  of  Richard  I. ,  and  that  this 
meeting  had  certain  definite  powers  of  self-govermnent,  apart  from  its 
function  as  a  unit  of  representation,  is  shown,  for  example,  by  the  Costo- 
mary  of  Tettenhall  Regis  (English  Gilds,  p.  432),  a  body  of  regulations  or 
**  bye-laws"  made  by  the  tenants  of  the  manor  at  their  Leet  or  Law-day. 
This  CJostomary  is  a  complete  body  of  laws  for  the  government  of  the  com- 
munity; and  in  the  body  of  these  laws  the  word  *•  town"  is  twice  used  to 
designate  the  manor  in  its  pubhc  relation)?. 

**  Art.  19.  No  man  shall  make  yates  or  gapes  in  tlie  common  field,  upon 
the  come  or  grasse  of  his  neighbors,  but  by  the  consent  of  [the]  comonty; 
and  if  he  do,  he  shall  give  to  the  lord  2s.,  and  to  the  comonty  of  the 
towne  28." 

"Art.  21.  No  man  of  oure  to^vne  shall  enter  upon  the  stubble  of  any 
other  towne  while  the  corne  is  \x\yon  the  ground,  except  it  is  upon  liis  own 
land,  and  by  the  good  will  of  all  his  neighbors,  under  payne  of  iijs.  to  the 
lord." 

In  the  passages  just  cited  we  have  "town"  used  as  equivalent  to 
"  manor,"  just  as  in  those  previously  cited,  it  was  used  as  equivalent  to 
"  parish."  The  manor  was  the  feudalized  township,  that  is,  the  township 
converted  into  a  fief,  as  the  parish  was  the  township  regarded  as  an  eccle- 
siastical organization.  And  just  as,  in  the  sixteenth  century,  the  parish, 
or  ecclesiastical  organization,  superseded  the  township;  so  in  the  middle 
ages  the  manorial  or  feudal  organization  superseded,  or  at  any  rate  ob- 
scured, the  township,  the  original  municipal  division.  This  process  of 
feudalization,  or  converting  a  free  township  into  a  seignorial  estate,  began 
very  early  in  the  Anglo-Saxon  period.  Indeed,  even  on  the  assumption 
that  England  was  colonized  by  free  peasants,  organizing  in  free  townships, 
we  must  at  the  same  time  admit  the  probability  of  a  considerable  propor- 
tion of  seignorial  townships,  or  manorial  estates,  side  by  side  with  the  free 
communities,  and  intermixed  with  them.  And  whatever  may  have  been 
the  original  status,  it  is  certain  that  long  before  the  Norman  conquest, 

^  I^quatuor  legaliores  homines  de  qualibet  inUata  (Assize  of  Clarendon,  1.) 
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there  remained  very  few  self-governing  townships,  composed  of  free  peas- 
ants.* I  do  not  consider  the  king's,  eorFs  and  man's  tun  of  Aethelbirht's 
Laws,  to  have  been  feudalized  townships,  at  least  not  always  or  neces- 
sarily; they  appear  rather  to  have  been  farmsteads.  But  fifty  years  later 
the  charters  of  the  Codex  Diflomaticus  afford  ample  evidence  of  towns 
which  were  the  private  property  of  the  King  or  powerful  noblemen, 
the  peasants  or  ceorls  being  their  tenants  and  fast  becoming  their  serfs,  as 
I  showed  iii  my  paper  of  last  year. 

The  two-fold  process  here  described,  of  converting  the  free  townships 
into  manorial  estates,  and  the  free  peasants  into  servile  tenants  upon  those 
estates,  was  consummated  in  the  complete  f  eudalization  of  England  which 
followed  the  Norman  conquest.  Nevertheless  the  town  organization  was  not 
obliterated,  but  only  obscured.  We  have  seen  that  it  continued  to  serve  as 
a  basis  for  representation,  and  we  have  frequent  mention  of  the  town,  villa, 
as  the  equivalent  of  the  manor.  The  word  villa  is  used  about  a  dozen  times 
Domesday  Book,  at  least  three  of  these  times  as  equivalent  to  manor.  E.  g. 
(i.  f.  199  b.)  **  Wluuin  the  thane  held  this  manor.  In  the  same  town  Regi- 
nald holds  half  a  hide  of  Alberic."  [So  ii.,  31  and  81b.]  The  Exeter 
Domesday  and  the  Ely  Inquest,  documents  which  appear  to  be  the  rough 
draft  from  which  the  great  record  was  made  up,  often  use  the  word  villa 
where  the  Exchequer  Domesday  says  manerittm,  **  manor."  *  But  the  two 
words  are  not  used  as  equivalent,  but  rather  as  describing  the  same  terri- 
torial area  from  different  points  of  view.  There  might  have  been  two 
manors  in  the  same  vill,  or  lands  in  the  vill  while  were  independent  of  the 
manor.  Indeed  it  would  naturally  be  the  case  that  the  manor  would  often 
vary  from  the  town  in  respect  to  metes  and  bounds,  while  the  parish  or 
ecclesiastical  organization  would,  like  the  town  itself,  be  an  unchangeable 
district.  The  manor,  being  a  piece  of  private  property,  would  be  subject  to 
the  laws  of  private  "property,  and  would  be  divided,  added  to  or  diminished, 
through  the  processes  of  purchase,  sale,  inheritance  and  inter-marriage.  So 
greatly  have  these  processes  changed  the  boundaries  of  manors,  that  it  is 
stated  that  in  East  Kent  there  is  only  one  manor  co-extensive  with  the  par- 
ish. (Academy,  No.  167).  We  find,  however,  instances  of  this  identifica- 
tion of  manor  and  town  as  late  as  the  sixteenth  and  seventeenth  centuries. 
In  the  **  Certificates  of  Church  Goods  in  Suffolk,"  in  the  reign  of  Edward 
VI.,  is  mentioned:  "Mr.  Sakford,  lorde  and  patron  of  the  Towne,"  evi- 
dently lord  of  the  manor.  In  the  time  of  the  Civil  Wars  (1648),  the  Me- 
moirs of  Col.  Hutchinson  speak  of  Cromwell  having  **  a  design,  by  insinu- 
ating himself  int«  Colonel  Saunders,  to  flatter  him  into  the  sale  of  a  town  of 
his  caUed  Ireton."    (ii.,  137.) 

When  the  town  was  feudalized  and  became  a  manor,  its  gemot,  or 
meeting,  seems  to  have  become  that  branch  of  the  manorial  court  known 

1  For  examples,  see  paper  upon  *'  Village  communities  and  serfdom  in  England/' 
a  The  Ely  Inquest  rests  upon  the  evidence,  among  others,  of  sex  villani  uniuacujusqne 
villae. 
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as  the  Court  Leet.  The  Court  Leet,  found  also  in  the  Hundred  and  the  Bor- 
ough, was,  as  is  shown  by  the  example  given  above,  an  assembly  for  the 
passing  of  bye-laws  and  administering  the  affairs  of  the  town,  the  precise 
prototype  of  the  New  England  town  meeting.  It  also  had  a  limited  police 
jurisdiction,  held  to  be  derived  from  that  of  the  Sheriff's  Toum  or  Leet  of  the 
Hundred.  It  was  not  a  necessary  part  of  the  feudal  or  manorial  organization, 
but,** was  created  by  special  grants  from  the  crown  to  certain  lords  of  manor 
in  order  that  they  might  administer  justice  to  their  tenants  at  home."  Quoted 
by  Elton,  "  Custom  and  Tenant  Right  (1882),"  p.  89. .  It  was  a  thoroughly 
democratic  institution,  **  being  regarded  as  the  court  of  the  residents 
within  the  district;  not  of  the  tenants  of  the  manor; "  and  **  so  far  is  this 
carried  that  a  stranger  passing  by  may  be  compelled  to  serve  on  the  leet 
jury.  The  fact  of  his  being  found  within  the  district  is  deemed  sufficient 
evidence."  Digby,  Int.  to  the  Law  of  Real  Property,  p.  45.  The  Leet,  as  a 
popular  court,  is  also  found  in  Iceland  during  the  middle  ages.  The  antiquity 
and  primitive  character  of  this  court  is  attested  by  Elton,  who  says  (on 
Copyholds,  p.  240)  it  "is  in  all  probability  older  than  the  manorial  sys- 
tem itself: "  and  by  Ritson,  "  The  Jurisdiction  of  the  Court  Leet,"  who  says 
(p.  6):  **  The  Leet  is  the  most  ancient  court  in  the  land."  This  court  elected 
the  constable,  and,  in  some  boroughs,  the  mayor  (id.  p.  x.). 

It  is  not  surprising,  considering  their  early  and  almost  universal  con- 
version into  manorial  estates,  that  we  find  so  few  traces  of  free  townships 
in  England.  From  their  absence,  Mr.  Seebohm  has  attempted  to  establish 
the  thesis  that  the  townships  of  England  were  regularly  manorial  estates, 
and  the  peasants  serfs,  from  the  earliest  settlement  of  the  Anglo-Saxons  in 
,  the  country.  *•  The  evidence  of  the  earliest  Saxon  and  Jutish  laws"  he 
says,  "  thus  leaves  us  with  a  strong  presumption,  if  not  .actual  certainty, 
that  the  Saxon  ham  or  tun  was  the  estate  of  a  lord,  and  not  of  a  free  village 
community."  (English  Village  Communities,  p.  175.)  I  attempted  in  my 
paper,  read  a  year  ago  to  show  that,  with  regard  to  the  peasantry,  his  evi- 
dence was  inadequate,  and  tliat  we  have  good  groimd  for  affirming  the  ex- 
istence of  a  large  class  of  free  peasants  in  the  earliest  time.  My  object  in 
the  present  paper  has  been  to  continue  the  argument,  and  show  that  there 
is  good  reason  to  believe  that  there  were  free  townships  as  well  as  a  free 
peasantry  in  the  earliest  English  period.  In  arguing,  however,  that  the 
township  was  a  body  politic,  and  **  the  unit  of  the  constitutional  machin- 
ery." I  would  not  be  understood  to  claim  for  it  original  and  self -existent 
autonomy,  even  in  the  period  of  the  earliest  evolution  of  institutions.  As- 
suming that  the  Grermanic  peoples  passed  from  a  community  of  occupa- 
tion based  upon  kinship  to  one  based  upon  territorial  relations;  it  was  the 
Hundred,  not  the  township,  that  formed  the  earliest  territorial  community 
or  markgefiossenschaft.  The  township,  or  Dorfschaft,  is  8ho^vn  by  Thudi- 
chum  to  have  been  formed  out  of  the  hundred  by  a  process  of  sub-division; 
and  in  this  process  the  German  district  thus  formed  succeeded  to  no 
integral  sliare  of  the  powers  of  the  original  organization,  but  stood  to  it  as 
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ward  to  a  city.  The  English  district  corresponding  to  it,  on  the  other  hand, 
became  an  autonomous  community,  with  substantial  and  important,  if  not 
original  powers. 

The  English  town  lias  therefore  no  counterpart  in  any  other  Grermanic  na- 
tion; for  in  all  the  other  Germanic  nations  the  unit  of  the  constitutional 
machinery  is  the  Hundred,  a  district  too  large  to  allow  of  this  immediate 
and  detailed  exercise  of  local  self-government  which  we  find  in  the  New 
England  towns,  and,  as  has  been  made  to  appear,  in  those  of  England.  Much 
less  has  it  any  counterpart  in  the  Celtic  and  Slavonic  nations,  which  never 
advanced  unassisted  to  the  territorial  principle  of  government;  nor  in  the 
Romance  nations,  whose  government,  derived  from  that  of  the  later  Roman 
empire,  was  whoUy  summary  and  authoritative.  On  the  other  hand,  the 
ancient  Greeks  and  Italians  —  the  only  branches  of  the  Aryan  race  which 
possessed  an  equally  strong  political  sense  with  the  Germanic  —  developed 
a  territorial  system  which  has  a  strong  analogy  with  the  English. 

The  City  (civitas,  icoXii),  is  the  pohtical  type  of  the  Greeks  and  Italians, 
as  the  Town  is  of  the  English:  and  while  the  two  institutions  diverged 
greatly  in  their  development,  they  were  essentially  identical  in  their  origin 
and  structure.  The  Greeks,  Italians  and  Germans  alike  passed  from 
the  social  stage  of  institutions,  based  upon  personal  relations,  to  the  i^oht- 
ical,  based  upon  territory,  at  a  very  early  period.  In  all  of  these  we  find 
the  territory  divided  up  into  autonomous  districts,  small  enough  in  extent 
to  permit  the  direct  participation  of  all  the  citizens  in  the  work  of  govern- 
ment. The  Greek  City  was  thus  identical  with  the  German  Hundred.  But 
the  development  of  all  the  Germanic  nations,  except  the  Enghsh,  was  ar- 
rested by  the  creation  of  great  centralized  monarchies.  Even  in  England 
the  more  perfectly  organized  district,  the  Town,  was  shortly  checked  in  its 
development  by  the  estal)lisliment  of  the  manorial  system;  and  even  where 
a  higher  municipal  type  was  developed,  in  the  boroughs,  it  was  sporadic 
and  thus  incomplete. 

The  Greeks  and  Italians,  on  the  other  hand,  concentrated  and  intensified 
their  political  life  by  what  is  known  as  Synoikisnws, —  the  establishment  in 
the  middle  of  the  territory  of  each  city,  of  an  oppidum  or  urbs,  a  place  of 
collective  residence,  surrounded  by  walls,  in  which  were  erected  their  pub- 
lic buildings,  and  where  they  transacted  all  pubhc  and  private  business. 
This  higher  organization  was  applied  to  all  cities,  not  merely  to  some  here 
and  there,  like  the  English  boroughs.  These  nations  became  urban  in  their 
life,  while  the  English  remained  rural.  But,  in  becoming  urban,  in  build- 
ing a  city  surroimded  with  walls  for  residence,  trade,  worship  and  social 
life,  they  did  not  shift  the  basis  of  their  pohtical  organization.  The  city 
continued,  as  it  had  always  done,  to  comprise  the  rural  districts  as  well  as 
the  walled  town;  citizenship  indeed  was  based  upon  ownership  of  land 
outside  the  walls  equally  with  residence  or  property  within  the  walls:  the 
distinction  between  rus  and  xirhs  was  purely  social,  in  no  sense  political. 
Now  the  oppidum,  inclosed  within  its  walls,  is  very  much  the  same  thing  as 
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the  t«»,  enclosed  with  a  hedge  —  a  higher  development  ui)on  the  same 
general  lines.  But  there  was  one  point  of  contrast  of  vital  moment.  The 
Greek  or  Italian  city,  even  if  of  no  greater  extent  and  population  than  an 
English  town,  was  a  sovereign  state;  the  English  town,  however  large  and 
populous,  was  only  a  municipaUty,  a  part  of  a  larger  organism. 

The  word  tliat  is  used  in  the  Latin  documents  of  the  middle  ages  as  mean- 
ing "  town"  is  villa  (or  villata)  —  a  word  that  has  had  a  curious  and  inter- 
esting history.  In  classical  Latin  it  means  a  country  house  —  whether  a 
farm-house,  villa  nisticaj  or  a  gentleman's  country  seat,  villa  urhatia,  in 
inrhich  sense  it  corresponds  precisely  to  our  modern  w^ord,  villa.  From 
meaning  *' house''  it  came  by  a  not  long  or  difficult  transition,  to  mean  the 
**  estate"  surrounding  the  house;  and  in  this  sense  we  find  the  word  used 
in  the  later  Roman  empire.  This  was  a  period  of  great  landed  proi>er- 
ties;  but  these  properties,  at  least  in  Gaul,  were  not  * 'plantations,"  latifun- 
dia,  or  vast  and  indefinite  stretclies  of  land,  hke  the  Dalrymple  farm. 
Each  great  property  was  made  up  of  a  number  of  villas,  not  necessarily 
contiguous,  each  of  these  villas  being  a  compact,  organized  estate  of  a  mod- 
erate size.  The  small  peasants'  estates  had  for  the  most  part  disapi^eared, 
and  Gaul  at  this  epoch  may  he  described  as  divided  up  into  seignorial  or 
domanial  estates,  corresiK)nding  roughly  to  the  communes,  or  smallest 
territorial  divisions  of  modern  France.  These  villas  agreed  in  many  im- 
portant particulars  with  the  Englisli  manors,  being  perhaps  of  about  the 
same  extent,  and  being  ruled  autocratically  by  their  owners. 

The  important  fact  to  be  noted  here  is  the  change  in  the  significance  of 
the  word  villa.  From  meaning  a  gentleman's  country  house,  it  has  come 
to  mean  the  estate  depending  upon  that  hou«e;  that  is  to  say,  it  has  ac- 
quired the  meaning  of  a  territorial  district.  And  although  the  district  thus 
designated  in  Gaul  is  a  seignorial  estate,  it  is  easy,  when  the  word  has  once 
become  associated  with  the  idea  of  an  area  of  land,  to  extend  its  use  to 
other  districts  of  similar  extent  and  grade.  Thus  we  find  it  applied  even 
on  the  continent  to  the  Dorfschaft  or  village  mark,^  and  in  England  it  is 
used  to  designate  the  township,  whether  free  or  seignorial.  But  that  it  is 
the  township  that  is  thus  designated,  as  a  territorial  area,  and  not  the  seig- 
norial estate  into  which  the  township  has  been  converted,  is  proved  by  the 
important  fact,  already  noticed,  that  the  manor  and  the  townshij)  {villa)  are 
not  always  identical.  No  argument,  therefore,  for  the  originally  servile 
character  of  the  English  tun  can  be  drawn  from  the  fact  that  tun  is  in 
Latin  villa;  for  although  in  Gaul  a  villa  was  a  seignorial  estate,  in  England 
it  was  not  the  estate  as  such,  but  an  area  of  land,  often  identical  with  the 
manor,  but  often  containing  two  or  more  manors,  or  parts  of  manors,  or 
isolated  pieces  of  land. 

Thus  the  word  villa,  having  acquired  the  signification  of  a  territorial 
area,  was  used  in  England  as  tlie  Latin  equivalent  of  Tunscip.    And  as  villa 
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was  "  town  "  — whether  free  or  seignorial  —  so  the  cognate  word  villanus 
was  •*  townsman  "  —  whether  free  or  serf.  It  is  used  regularly  as  the  Latin 
•equivalent  of  **  ceorl,"  the  free  peasant  of  th^  early  period,  the  semi-servile 
peasant  of  tlie  later  i)eriod,  and  the  vUleifiifj^i  the  feudal  period.  When  the 
•ceorls  lost  theh*  ownership  of  land,  and  th^tl^  status,  their  name  sinking 
from  the  designation  of  a  free  yeoman  to  the  opprobrious  term  **  churl; "  so 
the  equivalent  word  villantis  sank  likewise,  until  it  too,  from  meaning  a 
free  townsman,  a  member  of  the  body  politic,  came  to  mean  one  who  lived 
upon  the.lamd  of  another  man,  who  was  his  master,  paying  for  -t  by  obUga- 
Jfeory  labor.  And  as  **  ceorl "  has  sank  to  **  churl,"  so  the  honorable  term 
vUlanus  has  sank  to  the  opprobrious  term  villain, 

A  few  words  in  conclusion,  upon  a  subject  more  obscure  in  itself,  and  of 
more  purely  antiquarian  interest  —  the  connection  of  tithing  and  township. 
The  vfox&.tithing  is  used  as  equivalent  to  township  in  some  of  the  southern 
counties  of  England  at  the  present  day,  *  and  it  has  been  a  matter  of  some 
controversy  what  is  the  origin  of  this  territorial  signification  of  the  word, 
and  how  far  back  in  time  it  dates.  For  the  discussion  of  this  question  I  will 
refer  io  Prof.  H.  B.  Adams'  excellent  paper  in  the  Johns  Hopkins  Studies, 
Vol.  I,  No.  4.  It  is  admitted  that  there  is  no  positive  evidence  of  any  but 
the  numerical  use  of  the  word  tithing  in  Anglo-Saxon  times,  as  designating 
a  group  of  ten  men  —  tenmanne  tale  (Edv.  Conf .  xx)  —  formed  for  the  pur- 
pose of  enforcing  mutual  responsibility,  as  the  fundamental  principle  of  the 
system  of  the  time  for  the  preservation  of  the  i>eace.  The  groups  would 
:Beem  at  this  period  to  have  been  strictly  organized  by  tens.  But  after  the 
Norman  Conquest,under  the  more  efficient/rtY/i5orgr  system  then  established, 
the  numerical  value  appears  to  have  become  a  secondary  consideration,  and 
we  very  soon  find  a  tendency  towards  localizing  the  term.  Of  course  the 
original  tithings  were  in  a  sense  local;  that  is,  each  voluntary  group  of  ten 
must  have  been  composed  of  neighbors,  and  each  township  would  naturally 
•contain  a  number  of  such  groups,  none  of  them  extending  their  member- 
ship beyond  the  bounds  of  the  township.  But  in  the  thirteenth  century 
(1284)  we  find,  in  the  Liber  Niger  of  the  Monastery  of  Peterborough,  a  list  of 
townships,  each  of  which  consists  of  a  fixed  number  of  tithings,  varying, 
no  doubt,  according  to  the  population.  Of  the  town  of  Bartona  we  read 
(p.  109):  tota  villata  debet  presentari  per  sex  capitales  decennarids  —  the 
capitales  decennarii  being  the  '*  headboroughs  "  or  *'  tithingmen."  Other 
towns  range  from  six  of  these  oflicers  to  one,  and  we  see  the  local  character 
of  the  ofiice  in  the  fact  that  that  they  are  the  regular  representatives  of  the 
town  in  the  great  court  of  the  Hundred:  (p.  113)  omnes  libere  tenentes  et  om- 
nes  capitales  decennarii  depredictis  villis  et  foedis  a  tempore  cujus  non  extat 
rtiemoria,  sc.  ante  tempus  Willemi  Regis  Conquistoris  .  .  .  solebant  ve- 
nire bis  in  anno  ad  duos  magnas  curias  que  appellantur  Tuma  vicecomi- 
iis,  etc.  Now,  it  is  evident  that  in  the  small  townships  which  had  only  one 
tithing,  it  would  be  very  natural  and  easy  to  identify  the  two  terms,  and 
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thus  localize  the  word  tithing.  Of  this  we  sec  further  evidence  iu  the 
Cartulary  of  the  monastery  of  Gloucester.  Vol.  iii,  No.  966,  gives  the  iteniB 
in  the  view  of  frankpledge  in  the  Court  Leet  of  the  manor;  among  which  we 
\i  dehii8  qui  sunt  xiiannorum^et  non  aunt  in  toethinga.  From  this 
the  tithing  might  appear  to  be  a  purely  numerical  group:  but  in 
No.  1,011  we  read:  sunt  tenentes  in  tethynga  de  Chirchesdonay  where  the 
word  tithing  seems  to  have  a  clearly  local  value. 

The  passage  from  the  numerical  to  the  territorial  signification  is  an  easy 
one,  and  is  illustrated  bv  these  passages.  We  see  from  the  passage  above 
cited  that  all  boys  of  twelve  were  enrolled,  not  merely  heads  of  families, 
as  is  sometimes  assumed:  and  the  same  rule  was  observed  in  Anglo-Saxon 
times,  as  is  shown  by  the  law  of  Canute  (ii. ,  20  ofer  xii  wintra).  With  the 
growth  and  order  of  go<Kl  government,  so  large  a  number  of  groups  as  this 
came  to  be  no  longer  necessary.  Two  centuries  after  the  Conquest,  we  find 
small  towns  containing  but  one  tiiliing,  and  the  largest  only  six,  which  may 
perhaps  have  been  divisions  of  its  territory  into  wards  or  districts.  From 
this  condition  of  things  the  purely  territorial  meaning  of  the  word  in  some 
parts  of  the  country  may  easily  have  been  derived. 

My  object  in  this  pajx^r  has  been  partly  to  trace  the  origin  and  powers  of 
the  English  town;  partly  to  help  to  an  understanding  of  its  connection  with 
the  New  England  town.  New  England  being  colonized  at  just  about  the 
time  that  the  parish  organization  was  superseding  that  of  the  town  in  the 
mother  country,  it  would  seem,  as  I  have  alrea<ly  said,  that  the  colonists, 
breaking  away  from  the  English  ecclesiastical  system,  held  to  the  town  or- 
ganization, making  the  pariah  purely  secondary.  The  powers  of  the  New 
England  towns  do  not  differ  very  widely  from  those  of  the  English  towns. 
We  find,  for  example,  in  Russhemer,  the  **  Implyments  "  of  the  money  ob- 
tained by  the  sale  of  church  goods  to  have  been  enumerated  as  follows: 

towards  the  reparacioning  of  our  churche        -  -  -  -         xl  s. 

ffurther  to  makyngof  a  pulpett  &  a  lectern  ...  -    xxiij  s.  iiij  d. 

also  to  the  makying  of  a  grett  ch«i«t  witli  locks  -  -  -         iij  s.  Iiij  d. 

Item  tothepore  peplo  of  the  parysshe        -  -  -  -    xx  s. 

Also  to  the  mendyng  of  the  high  weyes  ....         xxiij  s.  iiij  d/' 

East  Anglier,  July,  1887. 

In  other  cases  we  find:  **  for  ssyendyng  fforthe  of  v  Souldeors  to  the 
Kyngs  ]  Majesties  warrs;"  ''in  the  wallyng  of  their  marssh,  in  costs  & 
chargs  upon  the  havyn,  And  uyntn  ther  hulwerks  of  Gunnys.  powder,  & 
shotte  for  the  defense  &  safe;j:ard  of  the  town."  :  **to  mainteyne  a  ffree 
scoole,"  etc. 

These  examples  are  taken  from  what  I  suppase  to  be  small  country  vil- 
lages, the  prototyi>es  of  the  New  England  towns.  It  may  reasonably  be 
supposed,  however,  that  the  boroughs,  or  higher  class  of  towns,  would  give 
the  example  for  the  larger  powers  exercised  by  our  more  independent 
to^Tis;  and  I  find  in  the  East  Anglian  (1886-8)  a  series  of  extracts  from  the 
records  of  the  important  town  of  Ipswich,  as  late  as  the  time  of  the  Com- 
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mon wealth,  which  remind  one,  by  the  variety  and  minuteness  of  their 
functions,  of  those  of  the  New  England  towns:  for  example,  the  hiring  of 
preachers  and  teachers,  as  well  as  the  care  of  roads,  the  supervision  of 
markets,  etc.  The  ** Great  Court"  of  Ipswich,  consisting  of  "all  the  free- 
men, Portmen,  Aldermen  and  Baihffs,"  corresponds  very  closely  to  the  New 
England  town-meeting.  The  most  characteristic  feature  of  the  New  Eng- 
land town-meeting  is,  however,  wanting  —  the  requirement  that  the 
magistrates  assume  no  control  of  the  assembly,  but  retire  into  a  private 
station,  as  it  were,  for  the  occasion;  the  meeting  electing  its  own  chairman, 
and  exercising  authority  as  a  self-governing  democracy.  In  most  popular 
assemblies  the  magistrates  are  the  presiding  officers:  in  the  English 
**  vestry  "  or  parish-meeting  it  is  the  parson,  in  the  Great  CJourt  of  Ipswich, 
one  of  the  bailiflfe.  This  feature  of  the  New  England  town  meeting,  which, 
with  others,  it  shares  with  the  higher  parliamentary  bodies,  may  perhai)s 
be  claimed  as  another  instance  of  the  survival  in  America  of  usages  or 
institutions  which  have  become  extinct  in  the  mother  coimtry.  Gneist 
says  (p.  202):  **  The  meeting  was  summoned  by  the  churchwardens;  the 
chair  was  iregularly  taken  by  the  parson,  as  the  landlord  of  the  vestry,  and 
the  first  member  of  the  ecclesiastical  parish,  as  a  matter  of  courtesy,  but  a 
positive  right  of  presiding  could  be  established  neither  by  precedent  nor  by 
analogy.  In  analogy  with  the  tax-granting  commoners,  the  meeting  was 
rather  regarded  as  its  own  master,  in  respect  to  the  appointment  of  a 
chairman,  as  well  as  in  respect  to  its  adjournment.  The  voting  was  con- 
ducted with  equal  rights  for  each  individual,  after  the  manner  of  the  old 
courts  leet,  the  parliamentary  elections,  and  the  parliamentaiy  resolutions. 
Tlie  mode  of  giving  the  vote  was,  as  a  rule,  by  show  of  hands,  but  in  dif- 
ficult  and  doubtful  cases,  by  a  poll." 

My  thesis,  that  the  English  to\vns  of  the  middle  ages  were  an  integral 
part  of  the  constitutional  machinery,  and  not  mere  corporations,  like  the 
corresponding  bodies  of  Germany,  I  have  attempted  to  prove  by  showing: 
first,  their  territorial  character,  as  conterminous  areas  of  land,  embracing 
the  entire  country;  secondly,  their  practice  of  self-government  in  local 
concerns,  and  their  organic  relation  to  the  larger  representative  bodies. 
We  have  seen  that  in  tlie  sixteenth  century,  at  which  time  the  parish  be- 
came the  organ  of  local  self-government,  the  terms  town  and  parish  were 
used  indifferently  for  the  same  institutions;  and  tliat  in  the  seventeenth 
century,  when  the  American  colonies  were  planted,  the  colonists  carried 
with  them  a  town-system  essentially  tlie  same  as  the  parUh-sysfem  which 
continued  in  England.  The  analogy  with  German  institutions  is  mislead- 
ing. The  English  people  developed  the  institution  of  the  *'town"  uix)n 
their  own  soil;  and  it  is  to  be  compared,  not  with  the  imperfect  creation 
of  the  continental  Germans,  from  which  it  was  perhaps  derived,  but  with 
the  matured  institution  of  New  England,  to  whicli  it  gave  birth. 
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By  Prof.  W.  K.  HIGLEY. 

This  list  is  not  presented  without  a  realization  of  the  fact  that  some  spe- 
cies may  be  omitted.  If,  however,  any  such  are  found,  it  is  believed  that 
they  will  be  rare  and  local  species,  perhaps  found  in  the  outskirts  of  the 
state,  which  is  subject  to  the  migration  of  species  from  other  regions. 
The  Mississippi  river  forms  an  excellent  pathway  for  the  introduction  of 
some  strangers  to  our  Reptilian  and  Batrachian  fauna. 

It  is  hoped  that  the  present  list  will  not  only  be  found  complete,  but  that 
the  key  may  be  found  adequate  for  the  determination  of  species. 

The  key  is  one  that  has  been  used  in  class  work  under  the  direction  of  the 
writer,  and  has  been  found  sufficient  for  all  local  purposes.  It  has  been 
arranged  for  the  species  of  this  state  onlyj  and,  it  is  believed,  in  such  a  way 
that  no  new  species  will  be  reported  that  cannot  be  brought  under  its 
range,  for  in  its  preparation  all  extralimital  species,  liable  to  be  found  here,^ 
were  included. 

The  classification  followed  is  to  a  great  extent  that  used  by  my  friend, 
Dr.  W.  H.  Smith,  in  the  Herpetology  of  the  State  Survey  of  Ohio. '  Dr.  Jor- 
dan's **  Manual  of  the  Vertebrates  "  and  the  list  reix)rted  by  Dr.  Hoy  in  our 
State  Greology ,  have  also  been  of  great  service,  the  former  in  the  identification 
of  species,  and  the  latter  both  as  a  check  list,  and  also  as  a  source  of  informa- 
tion as  to  the  range  of  some  Species,  outside  the  districts  from  which  the 
writer  had  identified  specimens. 

REPTILIA. 

Animals  having  an  epidermal  covering  in  form  of  scales  or  plates  which 
in  one  division  become  united  with  the  bony  skeleton  forming  an  outside 
shield  or  shell;  cold  blood  and  an  incomplete  circulation;  the  heart  three 
chambered  in  our  si)ecies;  the  lungs  large,  consisting  of  but  few  cells; 
no  metamorphosis;  the  respiration  pulmonary  throughout  life. 

KEY  TO  THE  ORDERS  OF  REPTILES. 

L  Epidermal  covering  united  with  the  skeleton  forming  a  shell  which 
more  or  less  completely  covers  the  body;  no  teeth;  anal  opening 
roundish  or  longitudinal Tesfudinata, 

>  State  Survey  of  Ohio,  Vol.  IV,  Zoology  and  Botany. 
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I.    Epidermal  covering  not  united   with   the  skeleton,  scales  or  rarely 
plates;  anal  opening  transverse;  teeth  present. 

a.  Body  much  elongated,  serpen tiform;   limbs  wanting;   mouth 

dilatable;  eyelids  none;  no  urinary  bladder Ophidia. 

b.  Body  elongated;  feet  usually  present;  mouth  not  dilatable;  eye- 

lids usually  present;  urinary  bladder  present LacertUla, 


ORDER  TESTUDINATA,  TURTLES. 

Body  more  or  less  perfectly  inclosed  in  a  bony  or  leathery  shell-like 
case,  plastron  and  carapace;  epidermal  plates  usually  quadrilateral  in  out- 
line; animal  variable  in  form,  but  generally  short,  thick-set  or  flattened; 
neck  generally  lon^ allowing  of  considerable  freedom  of  the  head;  the  head, 
limbs  and  sometimes  the  tail  may  be  completely  withdrawn  into  the  area 
of  the  shell;  the  bones  of  the  skull  finally  became  united  by  complete  ossi- 
fication; tongue  thick;  jaws  forming  a  horny  beak;  food  bolted;  no  teeth. 

KEY  TO  FAMILIES  OF  TESTUDINATA. 

I.  Plastron  very  flat  and  divided  into  distinct  parts  which  are  so  hinged, 
by  two  transverse  divisions,  as  to  form,  with  the  carapace,  a  very 
perfect  box;  carapace  very  convex  and  deep;  animal  thickset;  toes 
only  slightly  webbed;  jaws  not  hooked  or  but  slightly  so;  food 
mostly  carnivorous Ctstudinidce. 

n.  Longitudinal  section  of  the  shell  somewhat  ovate  m  outline,  caused  by 
the  position  of  the  vital  organs  which  are  placed  far  forward,  the 
carapace  is  thus  higher  anteriorly  than  posteriorly;  plastron  small 
and  cruciform  consisting  of  12  plates;  head  and  neck  very  muscular; 
jaws  powerful  and  more  or  less  strongly  hooked;  tail  muscuffil^with  a 
ridge  of  homy  obtuse  or  acute  processes  above,  the  longest  often 
measuring  more  than  an  inch,  and  with  two  or  more  rows  of  scales 
underneath;  very  voracious  and  extremely  fierce;  mostly  carnivorous 
and  aquatic Chelydeidoe, 

m.  Longitudinal  section  of  the  shell  ovate  or  oval,  usually  deepest  near  the 
center;  edge  of  carapace  obovate  or  oblong  in  outline,  broadest  pos- 
teriorly; plastron  with  13  plates  covering  the  entire  imder  surface 
of  the  body,  the  anterior  lobe  sometimes  hinged  to  the  posterior; 
jaws  not  hooked,  obtuse;  carnivorous .         Emydidm 

IV.  Body  placed  far  back  in  the  shell,  causing  an  obovoid  longitudinal 

section;  carapace  osseous,  margins  more  or  less  reflexed  underneath; 
plastron  composed  of  a  variable  number  of  plates,  seven,  nine  or 
eleven,  and  hinged,  allowing  the  animal  to  more  or  less  perfectly  close 
its  shell;  head  pointed;  odor  strong Cinostemidm. 

V.  Shell  orbicular  or  sometimes  with  an  oval  or  oblong  outline;  covered 

by  a  leathery,  more  or  less  flexible  skin;  shell  never  fully  ossified,  and 

in  some  species  with  the  ribs  projecting;  head  long  and  conical TryonychidcB, 

FAMILY  CISTUDINID^,  BOX  TURTLES. 

Represented  by  one  genus  and  two  species.  Mostly  carnivorous,  and  to 
some  extent  decidedly  carrion  eaters. 
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CiSTUDO,  Fleming. 

C.  elatisa,  Gmelin.    Comiuon  Box  Turtle. 

Varies  greatly  in  color;  back  ground  always  dark  (black,  brownish  or 
drab)  with  yellowish  spots  or  blotches;  shell  nearly  oblong  in  outline; 
plastron  sometimes  truncate;  anterior  lobe  the  shorter,  generally  found  in 
high  but  moist  woods.  Very  rare.  Two  specimens  have  been  reported 
from  Walworth  county.*  Length  of  carapace  about  six  inches;  height 
about  three  inches. 

C,  omata,  Agassiz.     Northern  Box  Turtle. 

In  many  respects  very  similar  to  the  last.  Shell  nearly  orbicular  and 
without  keel.     **  Grant  county;  rare."    Hoy:  Walworth  county. 

FAMILY  CHELYDRIDJE,  SNAPPING  TURTLES. 

Aquatic  species  of  great  strength,  living  in  ponds  and  muddy  streams. 
Represented  by  two  genera  and  two  species. 

KEY  TO  THE  OEXERA  OF  CHELYDRIDiB. 

a.  Head  covered  with  skin :  tail  with  two  rows  of  scales  underneath Chelydra. 

b.  Head  covered  with  plates;  tail  provided  with  many  scales  underneath  in 

several  rows Macrochelys . 

Chelydra,  Schweigger. 

C.  serpentina,  L.    Common  Snapping  Turtle. 
Very  common  and  well  known. 

Macrochelys,  Gray. 

M,  lacertina,  Schw.    Mississippi  or  Loggerhead  Snapper. 

This  ferocious  turtle  is  occasionally  found  in  the  Mississippi  river  as  far 
north  as  the  mouth  of  the  Wisconsin.    Hoy. 

FAMILY  EMYDID.E,  POND   TURTLE. 

The  members  of  this  family  are  generally  very  mild  when  approached, 
simply  relying  on  the  rapidity  of  their  motions  or  by  plunging  into  the 
water  to  effect  their  escape.  Some  forms  (Crysemys),  however,  when  taken 
in  the  hand,  will  snap  quite  savagely  at  the  fingers. 

Represented  by  five  genera  and  six  species. 

KKY  TO  THE  GENERA  OP  EMYDIDA. 

a.  Crapace  more  or  less  depressed  or  flattened;  toes  webbed;  plastron  broad 
and  flattened,  yellowish: 

(a).  Plastron  movable  on  the  carapace  and  divided,  the  anterior  division  being 
smaller  and  movable  by  a  transverse  hinge;  plastron  with  irregular 
black  spots Emya. 

Cb).  "Upper  jaw  notched  in  front;  shell  not  keeled  in  adult''  (Jordan);  toes 
strongly  webbed;  plastron  immovable;  carapace  with  outer  plates  usu- 
ally marked  with  red Chrysemya. 

j_     .  ... . . 

1  Since  uniting  the  above,  the  author  has  identifled  specimens  of  C.  clausa  from  Milwau- 
kee, Pine  Lake,  La  Crosse  and  Green  Bay. 
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<•).  "  Upper  jaw  not  notched  in  front;  carapace  more  or  less  strongly  ke^ed 
or  tuberculated."  (Jordan);  toes  strongly  webbed;  plastron  immova- 
ble; lower  jaw  with  a  spoon-shaped  dilatation Qraptemys . 

b.  Web  small;  shell  elongated,  nearly  oblong  in  form;  plastron  without  hinge; 
carapace  deep;  black  with  or  without  orange  or  yellow  spots  which  are 
round  or  oblong;  upper  jaw  notched  slightly;  plastron  li^ht  yellow 
with  black  irregular  spots Nanemys, 

E3nrs,  Brogniart. 

E.  meleagriSf  Shaw.    Blanding^s  Box  Tortoise. 

Carapace  dark  colored  with  irregular  yellow  spots  that  are  seldom  absent. 
Terrestrial  but  generally  found  near  water,  to  which  they  rapidly  retreat  if 
approached.    Excellent  swimmers.    Ck)mmon. 

Chrysemys,  Gray. 

C  marginata,  Holb.    Lady  Turtle.    Western  Painted  Turtle. 

Neck,  tail  and  legs  striped  with  red;  the  plates  of  carapace  variously 
marked  with  red  or  yellow.    A  beautiful  species.    Very  common. 

C,  oregonensis,  Holb.    Plain  Tortoise. 

A  form  without  red  markings  of  inarginata^  is  found  occasionally  in  the 
western  part  of  our  state. 

Graptemys,  Agassiz. 

O,  geographicUt  Le  Sueur.    Map  Turtle. 

Streaked  and  reticulated  with  various  shades  of  yellow  upon  a  brownish 
back  ground;  neck  and  hmbs  quite  gaily  colored;  carapace  deeply  notched 
posteriorly;  aquatic;  not  common. 

Probably  this  species  is  the  most  bold  and  active  of  this  family.   L.  9  inches. 

O.  Le  Sueuriif  Gray.    Le  Sueur's  Map  Turtle. 

The  characters  distinguishing  this  from  the  preceding  are  not  numerous 
but  prominent.  The  colors  are  less  striking  in  general,  but  the  yellow 
markings  are  more  intense;  back  ground  grayer;  each  vertebral  plate  has  a 
dark  colored  posterior  which  overlaps  the  succeeding  plate;  plastron 
clouded  with  brown  or  black;  length  of  carapace  5-6  inches.  Quite  com- 
mon in  southern  half  of  the  state. 

Nanemys,  Agassiz. 

N,  guttatuSy  Ag.    Speckled  Tortoise. 

Carapace  black  with  yellow  spots  scattered  here  and  there;  plastron  with 
more  or  less  black.  But  two  specimens  are  known  to  me  to  have  been 
found  in  this  state.    These  were  from  Walworth  county.* 

family  C?IN0STERNID^.    CINOSTERNOID  TURTLE. 

Bepresented  by  one  genus  and  species. 

1  Additional  localities,  reported  after  the  above  was  written,  Beloit,  Madison,  Eau  Claire 
and  other  places,  indicating  that  it  is  rare  but  generally  distributed  throughout  the  south- 
em  part  of  the  state. 
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Aromochelys,  Gray. 

A,  odoratus,  Latreille.    Musk  Tortoise. 

Jaws  strong;  color  dark  with  or  without  spots;  head  large  with  yellow 
spots  en  the  side;  a  strong  musky  odor  is  always  present;  plastron  black  and 
yellow;  marking  more  or  less  obscured  by  the  adhering  mud.  Rare.  Found 
in  southern  part  of  the  state.    I  have  found  it  in  Walworth  county. 

FAMILY  TRIOXYCHn).E.    SOFT-SHELLED  TURTLES. 

Represented  by  two  genera  and  two  species. 

a.  "  Noetria  terminal,  crescent  shaped'"  (Jordan) ;  carapace  with  tuber- 

cles on  the  anterior  margins AspidonecteM, 

b.  **  Nostrals  rather  under  the  top  of  snout ''  (Jordan) ;  no  tubercles 

on  the  Ulterior  margin  of  carapace Amyda. 

AspiDONECTES,  Wagler. 
A,  spinifer,  Le  Sueur.    Soft-shelled  Turtle. 

The  habits  of  this  animal  are  such  that  they  do  not  need  hard  shells  for 
protection.  Their  color  is  not  far  from  that  of  the  mud  of  the  streams  in 
which  they  live.  I  have  repeatedly  passed  by  groups  of  them  while  dredg- 
ing, without  seeing  them.  My  observations  lead  me  to  believe  that  they 
are  generally  found  in  groups.  They  are  found  in  the  southern  and  west- 
em  parts  of  the  state.  Though  not  often  met  I  believe  them  to  be  quite 
common. 

Amyda,  Schweigger. 

A,  mutica,  Le  Sueur.    Leathery  Turtle. 

Upper  parts  brownish;  beneath,  whitish  without  spots;  anterior  margin  of 
carapace  without  spines  or  tubercles.  This  last  character  distinguishes  it 
from  the  last.  Found  in  the  western  half  of  the  state  and  more  common 
than  the  last,  and  with  the  same  habits,  though  my  observations  lead  me  to 
believe  that  it  is  not  so  voracious. 

ORDER  LACETILIA.     LIZARDS. 

Body  elongated  or  lacertiloid  in  form  and  covered  by  scales;  limbs  four 
(or  two)  or  none;  top  of  head  covered  with  plates;  tail  quite  long  and  gen- 
erally brittle ;  *  jaws  with  teeth,  but  they  are  not  in  sockets. 

KEY  TO  THE  FAMILIES  OF  LIZZARDS. 

1.    Tongue  squamose,  thick,  fleshy,  emarglnate  at  the  free  extremity—  free  anter- 
iorly  and  not   protnislble;    eyes  medium  size;    eyelids  scaly;   scales 
qulncunclally  arranged;   head  subtriangular  cephalic  plates  present  and 
regular ScincidcR. 

1  This  serves  as  an  excellent  means  of  defense.  It  is  very  natural  for  one  to  catch  the 
taU  of  a  Uzzard  sooner  than  any  other  part  because  of  its  swiftness.  The  tall  being  very 
brittle  it  is  no  sooner  touched  than  it  breaks  off.  Jordan  says  this  is  owing  '*  to  a  thin, 
unossifled,  transverse  septum,  which  traverses  each  vertebra.''  I  have  had  them  lose  their 
tails  also  when  confined  to  close  quarters. 
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2.  Tongue  palpillose,  fleshy,  emarginate  and  more  or  leas  free  anteriorly; 
cephalic  plates  more  scale-like  or  irregular;  scales  carinalted;  head  short; 

eyelids  scaly Iguanidm. 

8.  Limbs  not  visible  but  present  in  a  rudimentary  state  beneath  the  skin;  ear 
distinct;  lateral  fold  present;  serpentine  in  form;  cephalic  plates  quite 
large;  abdomhial  region  covered  with  square  plates;  tongue  bifid Arnguidce. 

FAMILY  SCINCmiE.    THE  SKINKS. 

Represented  by  one  genus  and  two  species. 

EuMECES,    Wiegmann. 

JEJ.  quinquelineatus,  L.  Blue-tailed  Skink. 

Color  bluish-black  with  five  yellow  stripes,  the  dorsal  stripe  divides  at 
the  head  sending  a  branch  to  each  side  of  the  vertical  plate;  beneath  light 
blue;  throat  whitish;  tail  deep  blue;  the  stripe  disappears  to  a  great  extent 
with  age:  L.  7-8  inches;  tail  4-5.    Walworth  County;  rare. 

I  believe  that  this  species  will  be  found  more  common  in  all  the  southern 
counties,  though  it  has  not  been  reported  to  my  knowledge.    Its  range  is 
very  extensive.    It  may  be  found  to  the  best  advantage  in  May,  in  dampish, 
unfrequented  woods  under  bark. 
E. '  septentrionalis,  Baird.     Northern  Skink. 

Olive  with  four  darker  stripes;  two  narrow  lateral  lines  of  white  and 
black.  Walworth  County,  *'  Not  uncommon  as  far  north  as  Lake  Winne- 
bago." *    Hoy. 

FAMILY  IOUANID.E.    THE  IGUANAS. 

Represented  by  one  genus  and  one  species. 

SCELOPORXS,    Wiegmann. 

S.  undulatuSj  Harlan.     The  Bro^vn  Swift. 

Color  brownish  with  irregular  bands  of  black;    greenish  blue  laterally; 
abdomen  yellowish  with  dark  spots;  toes  whitish;    throat  with  skin  more 
or  less  folded;    L.  6  inches;  rare.     A  few  specimens  have  been  reported 
'  from  this  state.     I  have  not  met  it  mvself . 

FAMILY  ANGUID-E.    THE  GLASS  SNAKES. 

Represented  by  one  genus  and  one  species. 

Ophisanrus,    Daudin. 

O.  ventraliSy  Daudin.    The  Glass  Snake. 

Color  dark  and  yellowish  with  black  streaks;  quite  common. 

**  In  early  days  they  were  not  uncommon  near  Kenosha.  They  occur  in 
in  the  western  part  of  the  state  as  far  north  as  La  Crosse."    Hoy. 

*  Since  writing  the  above,  the  writer  has  examined  several  Kpec'imens  from  the  western 
part  of  the  state. 
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ORDER  OPHIDIA.    SNAKES. 

Body  covered  with  imbricated  scales;  beneath  with  a  single  row  of  band- 
like scales  (gastrosteges)  as  far  back  as  the  anus.  Represented  in  this  state 
by  two  families. 

KXT  TO  THE  FAMILIKB  OP  SNAKKM. 

1.    Bott)  Jaws  with  unjnxx>ved  conical  teeth;  tall  tapering,  plates  underneath 
(Uroeteges)  in  pairs,  without  a  rattle;  nopitinfront  of  the  eyes;  head 
more  or  less  oblong,  and  usually  tapering  gradually  into  the  neck Colubrida. 

%.  No  solid  teeth,  or  but  few  in  the  upper  jaw;  jaw  provided  with  grooved 
erectile  poison  fangs;  tail  provided  with  a  rattle;  Uroeteges  undivided,  at 
least  anteriorly;  a  pit  in  front  of  each  eye;  scales  carinated;  head  separ- 
able from  the  bo<ly  and  more  or  les.^  triangular CrotcUidcB. 

FAMILY  CROTAUDjE.    THE  CROTAUD  SNAKES. 

Represented  by  two  genera  and  two  species.  To  this  family  belong  some 
of  the  most  deadly  poison  snakes. 

KEY  TO  GENERA  OP  CROTALIDJt. 

a.  Head  covered  with  small  scales,  tail  with  large  rattle CroUilui. 

b.  Head  covered  with  nine  large  plates;  tall  with  rather  small  rattle. .    CrotcUophoruM, 

CROTALUS,     L. 

C  duri8SU8,  L.    Yellow  Rattle  Snake.     Banded  Rattle  Snake. 

Sulphur  brown  with  darker  in  blotches  or  arranged,  more  or  less  regu- 
larly, in  bands;  head  very  triangular  and  ugly;  dorsal  scales  in  23-25  rows; 
G.  170-180;  U.  23-28;  L.  3  to  5  ft.  In  rocky  places;  rare.  Formerly  this 
species  was  very  common,  but  it  is  seldom  met  now.  It  may  be  found  in 
the  rocky  bluffs  of  our  larger  rivers.     Very  poisonous. 

CROTALOPHORUS,     L. 

C  tergeminus. ,  Holb.     Massassauga  or  Prairie  Rattlesrake. 

Color  brownish,  **  Spots  of  dark  brown  margined  with  black,  and  exterior 
to  this  a  still  lighter  circle;  vertebtal  blotches,  34  in  number,  almost  quad- 
rate, notched  in  front  and  behind,  and  extending  from  neck  to  tail;  2  to 
8  series  of  lateral  blotches  on  each  side  varying  from  circular  to  oblong  " 
(Smith).  There  are  other  series  of  lighter  lines,  but  the  above  will  be  suffi- 
cient to  determine  the  species.  Dorsal  scales  25  rows;  G.  140-150;  U.  25-80; 
L.  2-3  ft.;  not  rare;  in  grassy  marshes  throughout  the  state.     Poisonous. 

Variety  Kirtlandiiy  Holb. 
Much  darker  and  more  uniform,  with  darker  blotches  above.     Walworth 
county;  rare.    W.  H.  Smith  in  the  State  Survey  of  Ohio  says,* — "The 

♦  Vol  IV,  p.  674. 
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specimens  of  C,  tergeminus  which  I  have  seen  from  Wisconsin,  have  a 
broader  head  and  the  transition  from  the  head  to  neck  is  more  abrupt 
than  in  Illinois  or  Ohio  specimens." 

It  is  safe  to  assume,  then,  that  all  snakes  that  have  a  triangular  head, 
that  may  be  met  in  this  state,  are  to  be  avoided. 


FAMILY  COLUBRID^.    THE  COLUBRINE  SNAKES. 

Represented  by  eleven  genera,  twenty  species  and  several  varieties. 
The  following  Key  for  tiie  determination  of  the  genera  is  a  modification 
of  that  used  by  Jordan,  Smith,  and  others. 

Dorsal  scales  carinated.  a. 

Dorsal  scales  smooth,  i. 
a.    Post^abdominal  scutella  entire,  b. 

a.  Post-abdominal  scutella  bifid,  c. 

b.  Dorsal  rows  of  scales  not  exceeding?  23 Entamia. 

b.  Dorsal  rows  of  scales  exceeding  25 Pityophis. 

c.  Loral  and  anteorbital  plates,  both  present,  d. 

c.  Lorals  absent Storeria. 

d.  Dorsal  rows  of  scales,  19  or  more,  e. 

e.  Cephalic  plates  typical,  f . 

e.  Cephalic  plates  not  typical,  large,  h. 

f .  Post-orbitals  three,  rarely  two;  ante-obitals  usually  one;  dorsal  rows  of 

scales,  23-29 Tropidonotus. 

f.     Post-orbitals  two;  dorsal  rows  of  scales,  19-21 Regina. 

h.    Muzzle  projecting  and  recurved    Heterodon. 

* 

h.  Muzzle  not  projecting. Coluber. 

i.  Ante-orbital  plates  both  present,  j. 

j.  Post-abdominal  scutella  entire  or  bifid;  dorsal  rows  of  scales  25 Ophibolu^. 

j.  Post-abdominal  scutella  bifid;  dorsal  rows  of  scales  not  exceeding  21,  k. 

k.  With  yellow  ring  around  the  neck Diadophis. 

k.  Without  a  ring  around  the  neck,  1. 

1.  Dorsal  scales  in  15  rows Liopeltia 

1.  Dorsal  scales  in  17  or  more  rows Bascanion . 


EUT^NIA,      B.  &  G. 

Our  most  common  snakes;  terrestrial;  ground  color  dark;  one  vertebral 
and  two  lateral  stripes;  gastrosteges  140-170;  urosteges  50-120;  dorsal  rows 
of  scales  19. 

It  is  believed  that  the  following  Key  will  enable  one  to  trace  any  species 
or  form  commonly  found,  though  great  variations  in  the  markings  exist. 

(a)     Lateral  stripe  on  the  third  and  fourth  rows  of  scales:  body  slender;  tail 

nearly  one-third  of  total  length,  (b). 
(a)     Lateral  stripe  on  second  and  third  rows  of  scales;  body  stouter;  dorsal 

band  on  one  and  two  half  rows  of  scales;  tail  one-fourth  of  total  length; 

G.  n2-170;   U.  55-80  Sirialis. 

(a)     Scales  rough;  stripes  all  narrow;  lateral  not  usually  over  a  scale  in  width, 

placed  on  part  of  two  rows;  six  or  seven  series  of  brownish  or  blackish 

spots;  outer  row  of  scales  often  very  broad Radix. 
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(b)  Oedpital  plates  with  a  yellow  spot ;  upper  labials  eight:  dorsal  band  on  one 
and  two  half  rows  of  scales;  lateral  stripe  on  third  and  fourth  rows;  G. 
166-180;  U.  less  than  110 Proxima. 

00  Orbital  plates  yellowish;  upper  labials  seven  on  each  side;  dorsal  line  on 
about  one  row  of  scales  terminating  at  posterior  margin  of  the  occipital 
plate;  G.  175-180;  U.  115  or  more Saurita. 

E,  nrUdis^  L.    Striped  or  Grarter  Snake. 

Ground  color,  blackish;  dorsal  band  yellow;  lateral  band  yellowish;  abdo- 
men greenish;  occipital  plate  sometimes  with  two  yellow  spots;  upper  la- 
bials 7  or  8;  offensive  when  handled;  L.  2-2^  feet;  tail  about  6  inches;  abun- 
dant. 

Variety  dorsalis,  B.  &  G. 

Dorsal  stripes  broad  and  marginal  on  each  side  with  black  in  one 
row  of  scales;  lateral  stripe  with  a  row  of  d£a'k  spots  above;  com- 
mon. 

Variety  parietdlis,  B.  &  G. 

Dorsal  stripe  medium;  brick  red  spots  in  lateral  bands;  not  rare. 

Variety with  dorsal  stripe  absent,  yet  with  all  the  characters  of 

the  typical  form  present.    Walworth  county;  rare. 
Dr.  W.  H.  Smitli  suggests  for  this  variety  the  name  nielanota. 

E,  radiXy  B.  &  G.     Hoy's  Garter  Snake. 

General  color  above  black,  with  three  very  narrow  yellow  lines;  head 
short;  L.  2-2i  feet;  G.  150-165;  U..  53-85.     Not  rare. 

E.  saurita,  L.    Swift  Garter  or  Ribbon  Snake. 

Slender;  tail  very  long  and  slender,  pointed;  color  dark  brown;  stripes 
extending  the  whole  length,  but  indistinct  in  the  tail  and  sometimes  becom- 
ing obsolete  near  the  end;  dorsal  and  upper  edge  of  lateral  lines  with  black- 
ish or  brownish  margins;  under  parts  greenish;  L.  2^-3  feet;  tail  9  inches; 
southern  part  of  the  state  in  damp  woods;  not  rare. 

Variety  faireyi,  B.  So  G.    Fairie's  Garter  Snake. 

Occipital  plates  with  two  yellow  spots;  lateral  line  margined  on 
both  sides  by  black;  same  range  as  the  last;  not  common. 

E,  proxima,  Say.    Say's  Garter  Snake. 

Ground  color  black;  beneath  wliitish  to  olivacous,  dorsal  band  yellow  or 
darker;  lateral  greenish  or  whitish;  beneath  lateral  strip  lighter  than  above; 
L.  under  3  feet;  tail  under  9  inches;  soutliern  half  of  the  state;  not  rare. 

PiTYOPHis,  Holbrook. 

P.  sayii,  Schl.     Western  Pine  Snake. 

**  Whitish  or  reddish  with  many  dark  blotches  and  spots;  dorsal  scales 
usually  25  rows.     G.  220-230;  L.  40-70."    Jordan. 
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**  A  large  species;  in  early  days  it  was  common  in  the  western  part  of  the 
state;  now  rare."    Hoy. 

L.  4-11  feet;  reported  from  northwestern  counties;  rare;  large  specimens 
very  rare. 

Storeria.  B.  &  G. 

KST  TO  THE  SPECIES  OF  STORERIA. 

(a)    Scales  15  rows;  belly  red;  G.  120-128;  U.  40-50;  Anteorbitals  two; 

upper  labials  5  or  6;  lower  6  or  7 occipito-nuiculata. 

Cb)    Scales  17  raws;  under  parts  greenish  or  nearly  white;  O.  120-140; 

U.  4$-60;  upper  and  lower  labial  plates  7 dekayi. 

8,  occipito-maculata,  Storer.    Red-bellied  Snake. 

General  color  above  grayish  or  brownish,  with  (usually)  or  without  a  dor- 
sal band  margined  by  darker  spots;  L.  9-15  inches;  tail  about  2  inches; 
common  througout  the  state. 

8.  dekayi,  Holb.    Little  Brown  Snake. 

General  color  grayish  brown;  dorsal  stripe  lighter  margined  by  dotted 
lines;  a  black  line  from  the  occipital  plate  to  the  angle  of  the  mouth;  one  or 
two  black  spots  below  the  eyes;  L.  12  inches  or  less;  tail  about  2;  southern 
part  of  the  state;  not  rare. 

Tropidonotus,  Kuhl. 

Our  species  have  eight  upper  and  ten  lower  labial  plates;  these  are  large 
and  prominent;  aquatic  habits;  food  mostly  fish  and  other  water  animals. 

KEY  TO  THE  SPECIES  OP  TROPIDONOTUS. 

(a)  Dorsal  scales  27  rotf«;  outer  row  smooth;  above  with  quadrangular 
dark  spots  about  48  or  60  in  number,  and  reaching  to  the  end  of  the 
tail rhomhifer. 

Cb)  Dorsal  scales  23  (variety  with  25);  above  with  three  series  of  dark 
blotches,  the  dorsal  row  larger  than  the  others;  aMomen  irregularly 
marked  with  yellow  and  brown sipedon . 

(c)  Dorsal  scales  23;  wilder  parts  copper  colored;  head  large,  triangular;  gen- 
eral color  above,  reddish  black  without  spots  or  blotches erythroga^ter* 

T,  rhoiiibifer,  Hallowcll.    Holbrookes  Water  Snake.    Water  Adder. 

General  color,  brown;  L.  2^-3  ft.;  G.  140-145;  U.  68-74;  tail  about  6 
inches;  unfrequented  damp  places;  rare;  Walworth  county. 

T,  sipedon,  L.     Water  Snake.    Water  Adder. 

General  color  brownish;  markings  sometimes  obscure  in  old  specimens; 
young  with  markings  very  decided,  but  with  some  variations  in  their  colors; 
body  large;  carnivorous,  living  almost  entirely  on  fish;  L.  3-4  ft.;  taU  10-18 
inches;  G.  150-155;  U.  65-80;  southern  counties;  not  common. 


•  T.  erythrogaster,  Shaw.    Since  this  report  was  presented  to  the  Academy,  I  have  seen 
two  specimens  of  this  species;  one  from  near  Beloit,  and  the  other  from  Lake  (Geneva.  Rare. 
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Regina,  B.  &  G. 
Habits  aquatic  or  terrestrial;  dorsal  scales  in  19  rows. 

KEY  TO  THE  aPECIES  OF  REOINA. 

(a)  Ante-Drbitals  two;  upper  labials,  7;  lower.  8;  beneath  yellow;  three  black 

dorsal  and  a  yellow  lateral  band ieberia. 

(b)  Ante -orbitals  one;  beneath  biick  red,  with  dark  near  the  exterior  of  the 

scutellae;  upper  labials,  6;  lower,  7 Kirilandii. 

(c)  Ante-orbitaLs  two;  beneath,  yellowish;  upi>er  labials,  7;  lower,  8;  above, 

broT/nilsh;  dorsal  line  lighter  and  bortlered  with  black;  lateral  line  yel- 
low, bordered*with  dark,  in  first  second  and  third  rows Orahamii, 

JR,  leberis,  L.    Yellow-bellied  or  Leather  Snake. 

Above,  brownish;  lateral  band  on  the  first  and  second  rows;  L.  2-2^  ft.; 
tail  5-6  inches;  G.  140-150;  U.  65-80;  not  common. 

i?.  kirtlandiiy  Kennicott.     Little  Red  Snake. 

Above  brownish  or  purplish  brown  with  irregular  blotches  in  four  rows, 
the  outer  being  the  larger;  L.  about  1  ft. ;  tail  about  3  inches;  G.  120-140; 
U.  55-65;  Walworth  county,  and  probably  throughout  southern  counties; 
rare. 

J?.  Orahamii,  B.  &  G.    Graham's  Snake. 

Scales  strongly  carinated;  lateral  line  broad;  L.  1^2  ft.;  tail  8-4^  inches; 
G.  160-165;  U.  57;  mostly  in  western  countries;  not  rare. 

Heterodon,  Beauvois. 

Body  quite  thick  set  and  can  be  dilated  at  will  of  the  animal  by  inhala- 
tion of  air;  hissing  very  pecuhar  and  characteristic,  similar  in  sound  to  the 
rattle  of  the  rattlesnakes;  head  triangular.  These  snakes  have  a  strong  re- 
semblance to  venomous  species,  when  angered  or  disturbed,  flattening  their 
bodies  and  head  and  liissing  in  a  very  threatening  manner.  Odor  very 
marked  and  unpleasant. 

H.  platyrhinuSf  Latreille.     Hog-nose  Snake.     Blowing  Viper.     Spreading 
Adder. 

Above  brownish  with  28-30  dark  dorsai  blotches  varying  from  quadrate 
to  circular;  lateral  blotches  irregular;  these  blotches  become  rings  on  the 
tail;  vertical  plate  longer  than  broad;  beneath,  slate  color  and  varying 
on  post-abdominal  region  from  yellow  to  reddish;  upper  labials  yellow; 
dorsal  scales  25  rows  (usually);  G.  125-150;  U.  45-50;  L.  2i-3  feet;  tail  7-8 
inches;  on  sandy  or  dry  locaUties  as  far  nortli  as  Madison;  not  common. 
Variety  niger,  Catesby.    Black  Viper. 

Uniform  black  or  brown  above  without  spots;  said  to  be  more 
ferocious  than  the  type  but  is  harmless;  about  the  same  range  as 
the  last;  rare. 
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M,  simus,  L.    Hog-nosed  Snake. 

General  color  lighter  and  more  yellow  than  the  last  species;  about  32-35 
dorsal  blotches;  vertical  plates  broader  than  long;  interfrontal  region  with 
4-8  small  plates;  dorsal  scales  23-27  rows;  L.  2t-3  feet;  G.  130;  U.  45-55; 
sandy  localities  throughout  the  state;  not  rare. 

Coluber,  L. 

Body  large;  head  elongated;  ante-orbitals  one;  post-orbitals  two;  mouth 
deeply  cleft;  upper  labials  8,  lower  11. 

KEY  TO  THE  SPECIES  OP  COLUBER. 

(si)  Dorsal  scales  85  rows;  color  above  light  brown  with  more  or  less  quadrate, 
chocolate  colored  blotches  in  three  rows,  the  dorsal  two  or  three  times 
larger  than  the  lateral;  head  light  brown  or  yellowish  above vulpinus. 

(b)    Dorsal  scales  27  Cusually);  color  black  and  shiny;  scales  often  margined 

with  yellowish;  head  black  above obsoletus. 

C,  vulpinus,  B.  &  G.    Fox  Snake. 

Vertical  plate  broader  than  long;  abdomen  with  colors  in  blotches;  L.  5 
feet;  tail  about  10  inches  long,  large  at  the  base;  prairies  throughout  the 
state;  food,  small  vertebrates  and  insects;  not  rare. 

C.  obsoletuSy  Say.    Pilot  Snake  or  Kacei. 

Upper  labials  yellowish;  beneath  darker  and  more  or  less  mottled  with 
yellow,  black  and  whitish;  vertical  plate  longer  than  broad;  dorsal  scales 
27  rows  (usually);  L.  4-6;  tail  10-11  inches;  G.  230-235;  U.  80-85;  found 
throughout  the  state  in  timbered  districts,  but  is  not  common. 

Feeds  on  H(|uirrels,  birds,  bird's  o^gs,  etc.;  is  somewhat  arboreal  in  its 
habits.    The  larger  forms  are  very  rare. 

Ophibolus,  B.  &  G. 

O.  trianguluSy  Boie.     Milk  Snake. 

Local  names  numerous  and  various.  General  color  grayish  with  three 
series  of  black  margined  brown  blotches,  the  dorsal  row  numbering  about 
60,  and  elliptical  to  oval  in  shape;  lateral  spots  in  two  rows,  varying  in  size; 
head  with  two  blotches  above;  blotched  beneath;  dorsal  scales  in  21  rows; 
G.  200-210;  U.  48-55;  L.  3^  ft.;  tail  5-6  inches;  varies  greatly;  habits  carni- 
vorous; common. 

DiADOPHIS,  B.  &G. 

D.  punctatus,  L.    Ring-necked  Snake. 

Bluish  black  (or  darker)  above,  without  spots;  occipital  region  with  yellow 
ring  or  spots;  beneath  orange  or  lighter,  each  plate  generally  having  a  dark 
spot;  head  depressed;  dorsal  scales  15  rows;  G.  140-165;  U.  35-58;  L.  li  ft.; 
tail  about  3  inches,  found  under  stones  or  bark  of  decaying  trees;  odor 
strong;  not  rare. 


N 
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LiOPFXTis,  Fitzinger. 

L.  verncdis,  De  Kay.    Green  or  Grass  Snake. 

Body  slender;  head  elongated;  color  above  bright  and  uniform  deep  green; 
lighter  or  yellowish  beneath;  L.  1-1^  ft.;  tail  about  4 J  inches;  G.  129-140; 
U.  70-98. 

A  beautiful  species,  very  lively  in  its  movements;  insectvorous.  Com- 
mon throughout  the  state  in  damp  places,  and  may  often  be  seen  in  the 
morning  when  there  is  dew  on  the  grass. 

Bascanion,  B.  &  G. 

B,  constrictor y  L.     Blue  Racer  or  Black  Snake. 

Varies  in  color;  our  form  varies  from  azure  blue  to  blue-black;  beneath 
greenish;  mouth  deeply  cleft;  head  elongated;  dorsal  scales  smooth  and 
usually  in  17  rows  (sometimes  19);  L.  4-6^;  G.  170-205;  U.  80-115;  southern 
part  of  the  state;  not  common. 

This  form  varies  considerably  from  the  Black  Snake  of  the  east  in  its 
color,  which  is  often  a  very  intense  azure  blue;  especially  immediately  af- 
ter moulting.  Dr.  W.  H.  Smith  suggests  that  this  form  might  well  be  made 
a  variety  witli  the  very  appropriate  name  of  ccer ulcus. 


BATRACHIA. 

Body  always  without  true  scales  and  covered  by  a  smooth  skin;  mata- 
morphosis  after  birth  and  usually  complete;  respiration  branchial  in  the 
young,  and  either  pulmonary  or  both  pulmonary  and  branchial  in  the  adult; 
heart  with  two  auricles  and  one  ventrical;  circulation  incomplete. 

KEY  TO  THE  ORDERS  OF  BATRACHIA. 

L  Body  thick  set  and  when  adult  without  a  tail;  the  posterior  limbs  much 
longer  than  the  anterior  and  developed  first  in  the  metamorphosis;  skin 
'smooth,  granular  or  warty;  tongue  free  behind  and  can  be  protruded  with 
great  rapidity Anurq, 

II.  Body  elongated ;  the  four  limbs  very  widely  separatetl,  short  and  of  nearly 
equal  length;  tail,  persistent  and  usually  long;  tail  compressed  or  terete; 
fore  limbs  developed  first  in  the  metamorphosis;  motions  more  or  less 
snakelike Urodela. 

ORDER  ANURA.      TAILLESS  AMPHIBIANS. 

KEY  TO  THE  FAMILIES  OF  ANURA. 

1.  Posterior  toes  webbed;  anterior  toes  more  or  less  webbed;  upper  maxillary 
and  vomer-palatine teeth  present;  skin  smooth,  or  essentially  so;  posterior 
limbH  exceeding  the  length  of  the  body  and  much  longer  than  the  anterior; 
tympanum  distinct  and  prominent;  fingers  not  dilatable;  tongue  emargi- 
nate  at  free  extremity;  live  near  water Ranidca» 
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2.  Toes  more  or  less  webbed;  upper  maxillary  and  vomer-palatine  teeth  pres- 
ent; tympalium  distinct;  fingers  and  toes  with  disks  at  their  tips;  skin 
more  or  less  granulated;  tongue  usually  simply  notched  at  the  free  ex- 
tremity;  chiefly  arbore&l Hylidos. 

8.  Toes  webbed ;  posterior  limbs  hardly  as  long  as  the  body ;  skin  usually  warty ; 
tympanuin  small  and  not  apparent;  jaws  without  teeth;  tongue  entire  at 
free  extremity;  terrestrial,  nocturnal,  and  Insectivorous Bu/oniedoa 


FAMILY  RANID^.     THE  FROGS. 

Represented  by  one  genus  and  five  species. 
The  following  is  a  key  to  species  of  the  genus: 

Ran  A,  L. 

(a).  Dorsal  region  with  large  and  distinct  irregular  dark  spots  in  usually  two 
(rarely  more  and  these  scattered)  rows  upon  a  greenish  or  brownish  back- 
ground j  beneath  very  white  or  yellowish;  eyes  prominent  and  usually 

with  two  dark  blotches  between  them  > holecina. 

(b).  Dorsal  region  with  or  without  small  dark  spot^: 

(1).  Color  green  or  brown;  irregularly  spotted  (or  8pt»ckletl;  on  the  legs  and 
sides  with  dark  which  may  reach  to  the  dorsal  region;  beneath  white 

to  yellow ;  irides  yellow clamitans. 

(2).  Reddish  or  greenish  broAvn;  a  dark  line  passes  through  the  tympanum 
and  eye,  often  reaching  to  the  nostrils;  \egs  usually  barred  or  blotched 
with  dark  above;  tympanym  small;  beneath  yellowish  or  whitish. 

temporia^  var.  sylvatica. 
(8).  Greenish  brown  with  dark  irregular  spots  which  are  conspicuous  on  the 
legs  and  sides;  beneath  yellowish,  often  mottled  with  dark  brown; 
tympanum  large;    animal  very  large  and    muscular;    pupils  black; 
irides  green Catoahya na 

JR.  halecina^  Kalm.     Leopard  Frog. 

L.  3  to  4  inches;  posterior  limb  6  inches;  in  wet  places  and  especially  in 
marshes  and  along  streams;  common. 

R.  clamitans,  Daudin.     Green  or  Spring  Frog. 

Thighs  granulated  posteriorly;  L.  2-3  inches;  posterior  hmb  about  4- in.; 
anterior  limb  about  1^  in.;  common  along  brooks  and  ponds;  often  in  wet 
weather  may  be  found  wandering  to  some  distance  from  any  stream. 

R.  temporania,  L.     Var.  sylvatica ^  Le  Conte.    Wood  Frog. 

L.  2  inches;  posterior  limb  about  2^  in.;  anterior  limb  about  U;  in  damp 
woods  among  leaves;  not  rare. 

It  nigrescens,  Ag.     Black  Frog. 

Prof.  Agassiz  determined  a  specimen  caught  at  Racine  as  the  Nigricans; 
Rare."    Hoy. 

1  R.  pcUu8tri8  has  the  dorsal  spots  usually  square,  in  four  rows  with  smaller  spots  scat- 
tered irregularly  outside. 
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Having  no  desoription,  and  never  having  seen  this  form,  I  am  unable  to 
place  it  in  the  Key.  Some  of  our  authorities,  however,  consider  it  merely 
a  form  of  ctamitans, 

R,  paJtuiris,  Le  Conte.    Marsh  or  Tiger  Frog. 

This  is  quite  common  in  Michigan,  and  may  possibly  be  found  in  Wis- 
consin; L.  2-8  inches;  posterior  limb  about  4;  anterior  limb  about  1^. 

FAMILY  HYLID.-E.    TREE  TOADS. 

Represented  by  two  genera  and  four  species. 

KEY  TO  THE  GENERA  OF  TREE  TOAD8. 

a.  Toes  nearly  or  quite  distinct:  fln;?erH  quite  distinct:  disks  small;  body 

slender;  tongue  emnrsrinate  behind Chorophihis. 

b.  Toes  webbed:  flnpers  more  or  h«s  webbed:  disks  large:  iKKly  often  thick 

set;  tongue,  if  at  all  only  slightly  eniarginato  l>ehind Hyla. 

Chorophilus,  Baird. 

C     triseriatiiSt  Wied.    Little  or  Striped  Tree  Frog. 

Color  bluish  ash  or  blackish;  more  or  less  striped;  skin  with  granula- 
tions; no  warts;  toes  with  trace  of  web  at  the  base;  L.  1  to  U  inches;  pos- 
terior Hmb  about  twice  as  long  as  the  anterior. 

*'  C.    macidatus,  Ag.    Spotted  Tree  Frog. 

Found  on  Lake  Superior."    Hoy. 

Hyla,  Lauren ti. 

H.    versicolor,  Le  Conte.    Common  Tree  Toad. 

**  Patches  of  vomerine  teeth  slightly  elevated;  tongue  slightly  notched 
behind."    W.  H.  Smith. 

Qolor  varying  from  green  to  brown  with  irregular  spots;  below  dirty 
white  to  yellow,  seldom  spotted;  common. 
^^  H.    pickeringii,  Holh.    Pickering's  Tree  Toad,  abundant."    Hoy. 

**  Patches  of  vomerine  teeth  not  elevated;  tongue  truncate  behind;" 
W.  H.  Smith.  Reddish  or  yellowish  brown;  spots  dark,  rhomroidal;  lines 
dark,  and  sometimes  cuneiform  in  arrangement. 

FAMILY  BUFONID^.    THE  TOADS. 

Represented  by  one  genus  and  one  species. 

BuFO,  Laurenti. 

B.    lentiginosus,  Shaw.    Var.  Americana,  Le  Conte.    Common  Toad. 

Body  warty  and  very  rough  when  adult;  color  cinereous  and  brownish; 
q)eckled:  below  yellowish  or  dirty  white;  tympanum  not  very  apparent; 
pupils  black;  very  common. 
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ORDER  URODELA.     TAILED  AMPHIBIANS. 

KEY  TO  THE  FAMfLIES  OF  URODKLA^. 

1.  Qills  persistent Proteidct, 

2.  Gills  caducous;  gill  slit  closed  in  the  adult , Salan^andridcB, 

FAMILY  PROTEID.E.    THE  MUD  PUPPIES. 

Represented  by  one  genus  and  one  species. 

Menobranchus,  Harlan. 

M.  lateralis^  Say.    Mud  Puppy.     Dog  Fish.    Water  Dog. 

Body  cylindrical  and  smooth;  general  color  brownish  with  spots  of 
darker;  a  black  lateral  line  is  sometimes  present;  gills  red  and  bushy,  in 
three  groups  on  each  side;  tail  compressed;  nocturnal  and  aquatic,  liv- 
ing but  a  few  moments  on  land;  L.  1  to  2  ft.;  common  and  csvrnivorous. 

FAMILY  SALAMANDRIDiE.    THE  SALAMANDERS. 

Represented  by  five  genera  and  eleven  species. 

KEY  TO  THE  OENERA  OF  SALAMANDRIDiB. 

a.  Tongue  fleshy,  attached  by  the  center,  the  lateral  and  anterior  margins 

being  free;  costal  grooves  very  distinct;  vomero-palatine  teeth  trans- 
versely arranged;  posterior  toes,  5;  color  dark;  skin  smooth  with  nu- 
merous pores;  tail  compressed Ambly.ttotna. 

b.  Tongue  attached  by  the  anterior  and  posterior  edges,  a  small  part  of 

the  lateral  being  free:  costal  grooves  indistinct;  vomero-palatine  teeth 
longitudinal  and  divergent  behind;  posterior  toes,  5:  tail  compressed 
from  the  base;  colors  bright Notophthalmus. 

c.  Tongue  roundish,  the  anterior  edge   and  center  attached,  the  lateral 

and  posterior  free;  vomerine  teeth  in  two  patches;  posterior  toes,  5; 

general  color  dark;  tail  tapering  to  tip Plethodon. 

d.  Tongue  oval,  attached  by  the  anterior  edge;  toes,  four  in  front  and 

beAtnd;  costal  grooves  distinct;  general  color  above  brown;  beneath 
white  with  black  spots;  tail,  long,  round  at  the  base  and  then  com- 
pressed  Hemid<ictylium. 

e.  Tongue  attachetl  by  the  center,  the  entire  edge  being  free  (boletoid) 

costal  grooves  distinct;  vomerine  teeth  in  a  tran verse  row ;  posterior 

toes,  5;  color  yellowish  or  red;  tail  long,  tapering  and  compressed Spelerpe^. 

Amblystoma,  Tschudi. 

A,  opacum,  Gravenhurst.    Blotched  Salamander. 

Color  above  dark  with  tranverse  bluish  gray  bars  or  blotches;  head  with 
a  triangular  spot;  below  slaty;  costal  furrows  or  grooves,  11;  no  large  pores 
on  head.     L.  about  three  inches;  tail  about  li  inch;  rare.    "Racine."    Hoy. 
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A,  punctatuin,  L.    Large  Spotted  Salamander. 

Black  or  nearly  so  with  bright  yellow  spots  arranged  along  each  side  on 
the  dorsal  furrow,  which  is  quite  distinct;  skin  with  numerous  pores  which 
are  enlarged  and  arranged  in  two  patches  on  each  side  of  the  head;  costal 
furrows  or  grooves,  11;  L.  6  inches;  tail,  2^  inches;  southern  part  of  the 
state;  not  common. 

A.  tigrinum,  Green.    The  Great  or  Tiger  Salamander. 

Everywhere  dark  with  yellow  spots  which  are  either  round  or  irregular; 
costal  furrows  or  grooves,  11;  dorsal  groove  quite  distinct;  head  depressed; 
L.  7  inches;  tail  3  inches;  common. 

A.  jeffersonianum,  Green.    The  Granulated  Salamander. 

Variable;  in  general  brownish  or  blackish  with  ashy  spots,  but  ''some- 
times uniform  plum"  (Jordan);  costal  furrows  13;  the  furrows  on  the  tail 
extending  nearly  to  the  tip;  L.  3  to  4  inches;  tail  1-2  in.;  Walworth  county; 
rare.  Dr.  Hoy  reports  them  from  Racine.  I  have  reason  to  believe  that 
they  may  also  be  found  in  the  extreme  northern  part  of  the  state. 


NOTOPHTHALMUS,   Raf. 

N.  viridescena^  Raf.    Common  Spotted  Triton.     Newt.  Eft. 

Color:  olive  to  scarlet  above,  and  orange  to  red  underneath  (variable); 
spots  on  sides,  vermillion  enclosed  in  a  black  ring  and  usually  in  a  line;  be- 
neath with  black  dots;  costal  grooves  about  14.  H.  miniatiis,  Raf.  I  be- 
lieve to  be  the  same  species,  and  I  have  included  its  characters  in  the  above 
description.  I  have  seen  the  two  forms  at  the  same  pond  during  the 
breeding  season,  and  have  also  noted  gradations  in  color  between  the  two 
extremes.  It  seems  to  me  highly  probable  that  age  has  something  to  do 
with  the  darker  color;  L.  3-4  inches;  tail  1-2;  common  in  brooks  and  ponds. 


Plethodon,    Tschudi. 

P.  erythronotus^  Green.    Red  Backed  Salamander. 

Dorsal  stripe  red,  extending  nearly  the  whole  length  of  the  animal;  sides 
cinereous;  head  brown  above;  lower  jaw  whitish;  costal  grooves  or  furrows 
16  to  19;  caudal  grooves  18-22;  L.  3-4  inches;  tail  1-2;  southern  Wisconsin; 
not  rare. 

Variety  cinereous^  Green. 

Without  the  red  dorsal  stripe.  This  form  may  be  met,  and  I  have  placed 
it  here  as  a  variety  merely  to  aid  in  identification  for  it  would  seem  fro  m 
the  investigations  of  our  best  authorities  that  the  changes  are  simply  those 
wrought  by  age. 

Their  food  consists  of  snails,  worms  and  insects. 
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P,  glutinosns,  Green.    Gray  Spotted  or  Viscid  S. 

Above  glossy  black  with  very  small  gray  spots;  lateral  spots  larger; 
costal  furrows  14;  spotted  below;  in  moist  places;  color  varying  with  age, 
there  being  fewer  spots  on  old  specimens;  not  common. 

EteMiDACTYLiUM,    Tschudi. 

ff.  scutatuniy  Schlegel.    Four-toed  Salamander. 

"  CJolor  above,  brown,  muzzle  yellowish,  limbs  and  tail  orange  brown;  up- 
per surface  with  black  spots  on  each  side  scattered  irregularly;  beneath 
white  with  patchy  black  spots,"  Smith.  Rare;  "Racine."  Hoy.  Habits, 
Ipsectivorous. 

Spelerpes,    Rafinesque. 

8.  ruber,  Daudin.    Red  Salamander.    Red  Triton. 

Color  above,  intense  red  with  small  roundish  black  spots;  color  less 
marked  beneath;  head  triangular;  costal  grooves  14-16;  L.  5  inches;  tail 
about  2;  in  damp  and  unfrequented  swamps  of  southern  half  of  state;  not 
rare. 

S,  longicaudics,  Green.    Cave  or  Long  Tailed  S. 

Yellow  spotted  with  dark;  below  spotless,  yellowish;  head  oval;  costal 
furrows  13;  L.  5  inches)  tail  ^S^  inches;  Walworth  county;  Racine,"  Hoy; 
rare. 

5.  bUineatus,  Green.    Stripe-backed  Salamander. 

Yellowish  or  darker  with  two  (or  three)  longitudinal  black  lines;  below 
yellowish  and  unspotted;  costal  grooves  14;  L.  2-3  inches;  tail  1^  inches; 
two  or  tliree  specimens  ha^e  been  reported  from  southern  Wisconsin, 
*'  Racine,"  Hoy;  rare. 
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REFERENCE  AND  CHECK  LIST  OF  THE   REPTILIA 
AND  BATRACHIA  OF  WISCONSIN. 


REPTILIA. 

LAC?ERTILIA. 
SCINCIDJC. 

Eumeoea  guinqudineatua,  L.    Blue-tailed  Skink. 
Eumece8  aeptentirionalia,  Baird.    Northern  Skink. 

Scdoporua  undtUatu8,  Harlan.    Brown  Swift.      , 
Ophiosaurus  ventraJis,  Daudin.    Olass  Snake. 

OPHIDIA. 
CROTAUD-ffi. 

Crotalus  durissus^  L.    Yellow  Rattlesnake. 

Crotalophorus  tergeminua,  Holb.    Prairie  Rattlesnake,  •r  Massassauga. 

Crotalophorua  tergeminus,  Var.  kirtlandii,  Holb.     Massassauga. 

COLUBRID^. 

Eutcenia  sirtcUis,  L.    Ck)mmon  Garter  Snake. 

Eutoenia  8irial0,  Var,  doraalia,  B  &  G. 

Eutcenia  sirtdlia,  Var.  parietalis,  B  &  G. 

Eutcenia  sirtalis,  var.  melanota^  Smith. 

Eutcenia  radix,  B.  &  G.     Hoy's  Garter  Snake. 

Eutcenia  sauritay  L.    Swift  Garter  or  Ribbon  Snake. 

Eutcenia  aaurita,  Var.  faireyi,  B.  &  G. 

Eutcenia  proxima,  Say.    Say's  Garter  Snake. 

Pityophis  sayii,  Schl.    Western  Pine  Snake. 

Storeria  occipito-maculatay  Storer.    Red-bellied  Snake. 

Storeria  dekayi,  Holb.    Little  Brown  Snake. 

Tropidonotus  rhombifer,  Hallowell.    Holbrookes  Water  Snake. 
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Tropidonotus  sipedon,  L.    Water  Snake.    Water  Adder. 

Begina  liberis,  L.    Yellow-bellied  or  Leather  Snake. 

Begina  kirtlandii^  Kenicott.    Little  Red  Snake. 

Regina  grdhamii,  B.  &  G.    Graham's  Snake. 

Heterodon  platyrhinua,  Latr.    Blowing  or  Spreading  Viper.  * 

Heterodon  platyrhinus,  Var.  niger,  Catesby.    Black  Viper. 

Heterodon  simus,  L.    Hog-nosed  Snake. 

Coluber  wlpinus,  B.  &  G.    Fox  Snake. 

Coluber  obsoletus.  Say.    Pilot  Snake  or  Racer. 

Ophibolus  tTnangulv^,  Boie.     Milk  Snake. 

Diadophis  punctatus,  L.    Ring- necked  Snake. 

Liopeltia  vemaliM,  DeKay.    Green  or  Grass  Snake. 

Bascanion  constrictor ^  L.    Blue  Racer.    Black  Snake. 


TE8TUDINATA. 
CISTUDINH)^. 

Cistudo  clausa,  Gmelin.     Common  Box  Turtle. 
Cistudo  omata,  Ag.    Northern  Box  Turtle. 

CHELYDRIDiS. 

Chelydra  serpentina,  L.    Common  Snapping  Turtle. 
Macrochelya  lacertinaj  Schw.    Mississippi  or  Loggerhead  Snapper. 

EMYDID.^. 

Emys  meleagris,  Shaw.     Blanding's  Tortoise. 
Chrysemys  marginata,  Holb.     Lady  Turtle. 
Vhrysemys  oregonensis,  Holb.     Prairie  Turtle. 
Oraptemys  geographica,  Le  S.     Map  Turtle. 
Oraptemys  lesueurii,  Gray.     Le  Sueur's  Map  Turtle. 
Nanemys  guttatusy  Ag.    Spotted  Turtle. 

CINOSTERNID^. 

Aromochelys  odoratus.  Gray.     Musk  Turtle. 

TRIONYCHID^. 

Aspidonectes  spinifer,  Le  S.    Soft-shelled  Turtle. 
Amyda  mutica,  Le  S.    Leathery  Turtle. 
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B  ATRAC  HIA. 

ANURA. 
RANID^. 

Rana  halecina,  Kalm.    Leopard  Frog. 

liana  clamitana,  Men-ew.    Green  or  Spring  Frog. 

Rana  temporaria,  L.  Var.  sylvatica,  Le  C.    Wood  Frog. 

Rana  catesbyana,  Shaw.     Bull  Frog. 

Rana  nigrescens,  Ag.     Black  Frog. 

Chorophilns  triseriatuSj  Willd.    Little  Tree  Frog. 
ChOrophilua  maculattis,  Ag.    Spotted  Tree  Frog. 
Hyla  versicolor y  Le  C.     Common  Tree  Toad. 
Hyla  pickeringiif  Holb.     Pickering's  Tree  Toad. 


BUFONID^. 

Bufo  lentiginosuSf  Shaw,  Var,  Americanus,  Le  C.    Common  Toad. 

URODELA. 
PROTEID^. 

Menobranchus  lateralis,  Say.    Mud  Puppy. 


SAUMANDRID^. 

■  ■ 

Amhlystoma  opacnm.  Gray.    Blotched  Salamander. 
Amblystoma  punctatunij  L.    Large  Spotted  Salamander. 
Amblystoma  tigrinum,  Green.    The  Great  Salamander. 
Amblystoma  jeffersonianum,  Green.    Granulated  Salamander. 
Notophthalunis  viridcscens,  Raf .     Spotted  Triton. 
Plethodon  erythronotus,  Green.    Red-backed  Salamander. 
Plethodon  erythronotuH,  Var.  cinereus,  Green.    Ashy  Salamander. 
Plethodon  glutinosus.  Green.    Sjwtted  or  Viscid  Salamander. 
Heinidactylum  scutatinuy  Schlegel.     Four-toed  Salamander. 
Spelerpes  ruber,  Daudin.    Red  Salmander. 
Speterpes  longicavdus.  Green.     Cave  or  Long-tailed  Salamander. 
Spelerpea  bilineatus,  Green.     Stripe-backed  Salamander. 
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RAISED  BEACHES  OF  LAKE  MICHIGAN. 


By  frank  LEVERETT. 

rfaere  are  around  the  head  of  Lake  Michigan  several  raised  beach  lines 
and  sea  cliffs,  the  latter  being  eroded  escarpments  of  the  tall  plains  and 
moraines.  These  have  been  discussed  at  some  length  by  Dr.  Edmund  An- 
drews, of  Chicago,  President  of  the  Chicago  Academy  of  Sciences,  in  a 
pamphlet  entitled:  **  The  North  American  Lakes  Considered  as  Chronome- 
ters of  Post  Glacial  Time."  The  portions  of  the  raised  beach  lines  and  sea 
cliffs  in  Cook  county,  Illinois,  have  been  referred  to  by  Mr.  Bannister  of 
the  Illinois  Geological  Survey,  in  his  report  on  the  geology  of  Cook  county, 
Vol.  Ill,  p.  240-2.  Neither  of  these  gentlemen  have  given  the  distribution 
of  the  separate  lines  with  sufficient  detail  to  subserve  our  purpose,  and  slight 
inaccuracies  of  distribution  occur  in  Dr.  Andrews'  map  which  accompanies 
his  pamphlet.  We,  therefore,  feel  warranted  in  presenting  here  the  distri- 
bution and  connections  of  the  beach  lines  without  further  reference  to  pre- 
vious publications,  since  our  description  is  based  upon  those  facts  only 
which  we  have  obtained  independently. 

The  beach  lines  vary  in  number  at  different  points  around  the  head  of 
the  lake,  in  places  there  being  but  one  or  two  —  but  elsewhere,  several,  and 
in  Lake  county,  Indiana,  a  large  number.  There  seem,  however,  to  be  but 
three  lines  which  are  maintained  distinctly  and  vigorously  for  any  great 
distance.  We  shall  describe  these  as  the  Upper,  Middle  and  Lower  raised 
beaches. 

UPPER  RAISED  BEACH. 

Between  Waukegan  and  Winnetka,  Illinois,  the  lake  shore  is  now  far- 
ther west  than  it  was  at  the  time  of  the  formation  of  the  upper  raised  beach 
for  the  lake  is  undermining  undulating  till  ridges  which  show  no  evi- 
dence  of  having  been  submerged  for  any  long  period.  North  from  Wau- 
kegan raised  beach  lines  are  developed  at  intervals,  but  they  have  not  been 
studied  with  sufficient  thoroughness  to  warrant  a  description.  We,  there- 
fore, begin  our  description  at  Winnetka,  in  northern  Cook  county.  An  an- 
cient sea  cliff  passes  in  a  southerly  course  from  the  lake  bluff  through  the 
eastern  part  of  this  village.  The  cliff  is  about  twenty  feet  in  height,  and 
is  a  prominent  feature  in  the  village.  Its  base  is  very  nearly  60  feet  above 
the  present  level  of  Lake  Michigan. 

Following  the  sea  cliff  south  we  find  it  soon  changes  to  a  beach  line,  and 

gravel  and  sand  in  forms  quite  similar  to  those  of  the  present  beach  lines  of 
L 
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the  lake  are  developed  for  a  distance  of  six  or  seven  miles  through  the 
south  part  of  Tp.  42  N.,  R.  XIII  E.,  and  the  central  part  of  Tp.  41  N.,  R. 
XIII  E.  The  highest  part  of  the  beach  line,  or  beach  lines,  for  a  series  of 
ridges  is  developed,  is  about  60  feet,  occasionally  61  feet  above  Lake  Michi- 
gan. In  the  vicinity  of  the  Chicago  river,  the  elevation  gradually  decreases 
to  the  level  of  the  river  bank,  which  is  about  40  feet  above  Lake  Michigan. 
These  gravel  deposits  of  the  beach  line,  or  of  succeeding  beach  lines  which 
lap  onto  its  eastern  face,  have  an  eastward  extension  on  the  north  side  of 
the  river,  so  that  when  we  cross  the  river  to  find  the  beach  line  on  that  side 
we  must  go  nearly  two  miles  up  the  stream  to  catch  it.  This  protrusion  of  the 
sands  and  gravels  on  the  north  side  of  the  stream  indicates  that  at  the  time 
this  beach  was  forming  the  transportation  of  sand  and  gravel  was  southward 
along  the  shore,  and  that  the  current  from  the  Chicago  river,  which  opened 
into  the  lake  at  the  point  represented  by  the  position  of  the  beach  line  on 
the  south  side  of  the  river,  carried  the  material  lakeward  which  was 
brought  down  by  the  slow  moving  lake  current  from  the  north.  This  ex- 
tension is  not  in  the  form  of  a  delta  built  up  at  the  debouchure  of  the  river 
into  the  lake  —  but  lies  wholly  on  the  north  side  of  the  river  valley.  More- 
over, to  make  it  still  more  evident  that  it  was  the  lake  and  not  the  river 
which  contributed  the  great  bulk  of  the  beach  deposit  which  skirts  its  north 
bank,  we  find  that  the  river  valley  above  the  point  where  it  entered  the  old 
lake  has  very  little  assorted  material,  such  as  would  accumulate  above  a 
delta.  The  beach  appears  on  the  south  side  of  the  river  in  the  south  part 
of  Sec.  19,  Tp.  41,  R.  XLII  E.  It  has  here  a  very  different  aspect  from  that 
immediately  across  the  river,  being  a  low  sea  cliff,  6 — 15  feet  in  height, 
with  occasional  deposits  of  beach  gravels  and  sands  along  its  front.  The 
terrace  or  sea  cliflf  made  by  the  lake,  is  crossed  by  the  Wisconsin  division  of 
the  Chicago  and  Northwestern  railway,  at  Norwood  Park.  The  profile  of 
this  road  shows  that  the  base  of  the  sea  cliff  has  an  elevation  of  45  feet,  and 
the  top  an  elevation  of  sixty  feet  above  Lake  Michigan. 

At  the  point  where  the  Chicago,  Milwaukee  &  St.  Paul  railwav  crosses 
the  cliff,  in  Sec.  32,  Tp.  40,  R.  XIII  E.,  the  base  has  an  elevation  of  42  feet  and 
the  top  66  feet.  The  Omaha  division  of  the  Chicago  &  Northwestern  railway 
crosses  it  at  Oak  Park,  with  an  elevation  of  38  feet  at  the  base  and  49  feet 
at  the  top  of  tlie  cliff,  and  a  mile  further  south  the  Wisconsin  Central  rail- 
road crosses  a  beach  deposit  with  an  elevation  of  41  feet  at  the  base  and  49 
feet  at  the  top. 

The  sea  cliff  phase  extends  only  to  Oak  Park,  a  village  on  the  east  bank 
of  the  Des  Plains  river.  The  sea  cliff  passes  through  the  east  part  of  the 
village  to  tlie  vicinity  of  the  Chicago  &  Northwestern  railway,  where 
beach  gravels  conceal  it,  and  we  find  here  an  extension  of  the  beach  gravel 
down  the  east  side  the  Des  Plains  river,  similar  to  that  extension  down  the 
north  side  of  the  Chicago  river.  The  gravel  extends  south  from  Oak  Park , 
in  the  form  of  a  ridge,  or  bar,  20  to  40  rods  in  width  and  10  feet  or  more  in 
height,  for  about  two  miles  to  the  south  part  of  Sees.    13  and  14,   Tp.  39 
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R.  XII  E.,  tenr  in  vting  in  a  club -like  expansion  which  rises  to  an  elevation 
of  about  55  feet  above  Lake  Michigan,  and  nearly  80  feet  above  the  plain 
which  lies  east  of  the  Des  Plains  river,  immediately  south  from  its  terminus. 
This  bar  or  spit  shows  evidence,  where  opened,  of  having  been  built  up 
from  the  east,  by  successive  deposits  shingled  on  its  eastern  slope  —  wliicli 
dip  with  the  slope.  An  excavation  at  Haas's  gravel  pitf  which  extends 
from  the  east  side  of  the  bar  west  part  of  the  center  —  shows  beds  dipping 
at  various  angles,  but  all  toward  the  east  —  some  of  the  beds  increase  in 
thickness  as  they  descend,  but  the  lower  bed,  which  is  mainly  sand,  increases 
in  thickness  toward  the  deeper  portion  of  the  ridge.  It  appears  to  be  a  sand 
bar  upon  which  the  beach  deposits  were  built.  The  following  section  was  ob- 
tained at  the  south-side  of  this  gravel  pit,  which  shows  the  section  of  that 
particular  place  only,  for  I  am  informed  by  Mr.  Haas  that  the  material  of 
the  same  bed  varies  greatly  in  coarseness  within  the  space  of  a  few  feet, 
but  the  dip  of  the  beds  is  uniformly  toward  the  east. 

1.  A  brown-stained  gravel  at  the  surface  extending  down  the  sloj^e^ 
Depth  18—30  inches. 

2.  P'ine  gravel  (unstained)  24  inches  at  top,  increasing  to  48  inches  near 
base. 

3.  Sand  beginning  with  scarcely  any  thickness  at  the  top,  but  increas- 
ing to  a  thickness  of  86  inches  at  the  base  of  the  excavation. 

4.  A  bed  of  fine  gravel  increasing  like  No.*' 3"  from  0—48  inches  in 
thickness. 

5.  Fine  gravel  nearly  four  feet  in  thickness,  which  passes  upward  from 
near  the  east  side  of  the  excavation  assuming  a  nearly  horizontal  position: 
beneath  the  crest  of  the  ridge. 

6.  Sand  at  the  bottom  of  the  excavation  becoming  thicker  toward  the? 
higher  part  of  the  ridge.     Depth  6 — 36  inches. 

Molluscan  shells  thought  to  be  Unias,  and  also  smaller  shells  have  been 
found  in  No.  **  6,"  but  none  of  these  were  at  hand  at  the  time  of  my  visit. 
Mr.  Haas  afterwards  sent  an  oyster  shell  which  was  imbedded  in  No.  **  6/' 
and  near  it  was  the  tooth  of  a  mammoth.  If  the  oyster  shell  has  not  been 
artificially  introduced  it  suggests  much  as  to  a  salt  water  lake.  It  Is  possi- 
ble  that  the  shells  thought  by  Mr.  Haas  to  be  Unios,  were  salt  water  mol- 
lusks.  We  learned  of  no  other  instance  of  the  occurrence  of  molluscan  re- 
mains along  this  upper  beach. 

Passing  now  to  the  west  side  of  the  Des  Plains  river  we  find  about  a 
mile  above  the  southern  end  of  the  bar  just  described  a  low  sea  cliff  or  lake 
margin  bearing  in  a  curved  course  through  Sec.  14,  across  the  nortli  side 
of  Sec.  22,  and  then  northwest  into  Sec.  16,  Tp.  39,  R.  XII  E.  This  is  sa 
low  a  beach  that  it  scarcely  attracts  notice,  being  in  places  but  2 — 4  feet  in 
height,  but  it  has  the  continuity  and  horizon  tali  ty  of  base  that  marks  fossil 
lake  shores. 

A  tributary  of  Salt  Creek  has  removed  the  traces  of  the  old  shore  vvest 
from  Sec.  15.    The  beach  comes  to  the  swale  which  the  stream  follows. 
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Passing  south  about  a  mile  we  find  the  beach  well  defined  in  the  north- 
west part  of  Sec.  28,  of  this  township  on  the  south  side  of  Salt  Creek.  It 
is  here  a  beach  ridge  composed  of  sand  and  gravel,  and  rises  10 — 12  feet 
above  the  border  of  the  plain  on  the  east.  The  beach  line  is  SO — 40  rods 
wide,  and  extends  nearly  one  mile  south  from  Salt  Creek  when  the  gravel 
disappears,  and  a  sea  cliff  marks  the  continuation  of  the  shore.  The  bank 
ridge  is  excavated  about  40  rods  from  the  north  end  in  a  similar  way  to 
that  at  Haas's  pit;  the  excavation  being  from  the  east  side  of  the  beach 
west  nearly  to  the  outer  slope.  The  excavation  is  12—14  feet  deep  in  the 
deepest  part,  and  reveals  a  series  of  beds  dipping  slightly  toward  the  east. 
The  upper  5 — 6  feet  is  a  brown-stained  gravel.  The  lower  portion  is  a  fine 
gravel  with  sandy  portions  almost  free  from  gravel.  These  sandy  portions 
are  not  so  calcareous  as  glacial  sands.  A  slight  effervescence  was  obtained 
in  but  one  or  two  tests,  out  of  a  dozen  or  more.  The  gravel  is  made  up  of 
worn  pebbles  comprising  nearly  every  cla^  found  in  the  drift  of  the  vicin- 
ity. There  is  not  such  a  predominance  of  limestone  pebbles  as  in  the 
kaves  of  the  neighboring'  moraines.  The  nature  of  the  gravel  is  very  simi- 
lar in  Haas's  gravel  pit  to  that  in  the  one  just  described. 

A  sea  cliff  passes  south  from  the  beach  ridge  just  described,  through  La 
Grange.  At  the  point  where  it  is  crossed  by  the  C,  B.  &  Q.  Ry.  its  base  is 
46  and  its  top  64  feet  above  Lake  Michigan.  This  cliff  continues  in  a  south- 
easterly course  from  La  Grange  to  the  west  border  of  the  Des  Plaines 
river  valley,  having  a  height  of  10 — 15  feet  throughout  the  greater  part  of 
the  course.  It  swings  down  the  river  and  becomes  a  part  of  its  bluff  — 
from  a  point  almost  directly  west  from  the  village  of  Summit,  near  the 
comers  of  Sees.  10,  11, 14  and  15,  Tp.  38,  R.  XII  E. 

Before  continuing  our  discription  of  the  distribution  of  the  upper  beach 
it  will  be  necessary  to  say  a  word  respecting  the  outlets  of  Lake  Michigan  at 
that  time  —  since  the  beach  lines  are  open  opposite  the«e  outlets.  There  were 
two  channels  of  discliarge  into  the  Des  Plaines  valley.  The  most  northerly 
one  had  its  western  border,  as  stated  above,  about  two  miles  west  of  Sum- 
mit, and  its  eastern  border  was  about  three  miles  south  from  Summit,  where 
the  river  enters  the  Valparaiso  moraine.  Between  these  points  the  water 
from  the  lake  entered  the  channel  now  occupied  by  the  Des  Plaines  river. 

Another  avenue  of  discharge  into  this  valley  was  through  what  is  known  as 
"  the  sag,"  a  low  belt  of  marshy  land  about  one-half  mile  in  width,  which 
passes  almost  centrally  through  Tp.  37  N.,  R.  XII E.,  from  east  to  west,  and 
oi)ens  into  the  Des  Plaines  valley  in  Sec.  14,  Tp.  37,  R.  XI  E.,  at  Say 
Bridge  Station.  Between  these  two  outlets  is  a  prominent  portion  of  the 
Valparaiso  moraine  whose  base  shows  evidence  on  all  sides  that  it  was 
washed  by  the  waters  of  the  lake,  the  rise  from  the  plain  on  the  east  being 
nearly  as  abrupt  as  the  bluff  of  the  Des  Plaines  river  on  the  west  or  the 
lK>rder  of  the  sag  on  the  south.  The  sea  cliff  which  was  formed  around 
this  moraine  is  flanked  occasionally  by  gravel  and  sand  deposits  similar  to 
those  found  farther  north  along  the  sea  cliff  which  was  cut  in  the  plain. 


Raised  Beaches  of  Lake  Michigan,  181 

South  of  the  sag  a  sea  cliff  was  formed  along  the  foot  of  the  Valparaiso 
moraine  for  about  15  miles  southeast  from  the  Des  Plaines  valley,  the 
sag  itself  lying  near  the  foot  of  the  moraine  for  10  miles  or  more.  The 
Wabash  railroad  rises  onto  the  moraine  from  the  sag,  whose  elevation,  as 
shown  by  its  profile,  is  but  16  feet  above  Lake  Michigan.  The  gravel 
flanking  the  high  land  each  side  of  the  sag  indicates  that  a  depth  of  40 — 50 
feet  of  water  passed  througn  it  at  the  time  of  the  formation  of  the  upper 
beach  lines. 

The  plain  in  Tp.  86  N.,  R.  XIII  E.,  whieh  lies  between  the  sag  and  the 
moraine,  rises  toward  the  moraine  quite  rapidly,  its  border  next  the  mo* 
raine  being  50  feet  above  Lake  Michigan  at  the  point  where  the  C,  R.  I. 
and  P.  Ry.  passes  from  the  plain  to  the  moraine.  The  sea  cliff  here  rises 
28  feet  above  the  plain  or  78  feet  above  Lake  Michigan.  It  is  not  probable, 
however,  that  the  water  stood  as  high  as  the  top  of  the  cliff.  There  is 
evidence  along  the  border  of  the  moraine,  a  short  distance  east,  that  it  was 
some  five  feet  or  more  in  depth  —  for  sand  and  gravel  deposits  flank  the 
moraine  to  about  this  elevation  above  the  level  of  the  plain. 

In  the  northwest  part  of  Sec.  25,  Tp.  36  N.,  R.  XIII  E.,  a  beach  line 
leaves  the  border  of  the  moraine,  and  from  this  point  southeast  to  the  state 
line  near  Dyer,  Indiana,  it  lies  one  to  two  miles  north.  The  Illinois  Cen- 
tral railroad  crosses  it  about  one  mile  north  of  Homewood.  The  top  of  the 
ridge  is  65  feet  above  Ijake  Michigan  (as  shown  in  tiie  profile  of  this  raiK 
road).  The  beach  deposits  cover  a  width  of  nearly  a  mile  where  crossed  by 
this  railroad,  and  their  north  border  is  but  41  feet  above  Lake  Michigan. 
The  highest  portion  of  the  ridge  is  mainly  sand,  and  evidently  was  drifted 
by  the  wind  so  that  its  crest  is  now  several  feet  above  the  water  level  at 
the  time  of  the  formation  of  the  beach. 

At  the  crossing  of  the  Chicago  and  Eastern  Illinois  Railroad  near  Glen- 
wood,  the  crest  of  the  ridge  is  55  feet  above  Lake  Michigan.  The  ridge 
maintains  about  the  same  elevation  to  Dyer,  Indiana.  A  sea  cliff  flanked 
by  beach  gravels  is  developed  near  tlie  state  line. 

Before  taking  up  the  description  of  this  beacti  in  Indiana  we  will  note 
the  effect  produced  by  the  lake  upon  "  Blue  island,"  a  till  ridge  running 
north  from  Blue  Island  village,  some  five  or  six  miles.  It  is  evident  that 
this  till  ridge  was  an  island  in  the  old  lake,  for  its  border  is  very  abrupt  like 
a  sea  cliff  and  its  surface  is  billowy.  Furthermore  flanking  nearly  the 
whole  of  the  western  face  —  there  are  beach  deposits  —  whose  base  is  35  — 
45  feet  above  Lake  Michigan.  Toward  the  north  end  of  the  ridge  the  sand 
has  drifted  into  dunes,  a  few  of  which  attain  an  elevation  of  80  feet  above 
Lake  Michigan,  but  the  beach  gravels  were  nowhere  observed  to  have  an 
elevation  to  exceed  55  feet  above  the  lake.  From  the  north  end  of  the 
ridge  a  bar  composed  of  both  sand  and  gravel  extends  out  across  the  plain 
in  a  W.  S.  W.  direction  for  more  than  a  mile.  The  plain  is  about  45  feet 
above  Lake  Michigan,  and  the  bar  rises  in  plains  to  an  elevation  of  15  feet 
above  this  plain.    This  was  evidently  formed  in  the  lee  of  the  ridge  and  is 
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■an  indication  that  the  waters  flowed  west  past  the  north  end  of  Blue  island, 
at  the  time  when  the  bar  was  formed. 

The  upper  beach  in  Indiana  presents  a  very  different  aspect  except  at  the 
immediate  border  of  the  two  states  from  what  it  has  in  Illinois,  for  it  is 
<>ompo8ed  mainly  of  sand,  and  the  sand  has  drifted  into  prominent  dunes 
and  ridges  which  have  frequently  an  elevation  of  25  feet  Or  more  above  the 
plains  which  lie  south  of  them,  and  still  higher  above  those  on  their  north 
face.  The  elevation  of  the  plains  which  lie  immediately  south  of  the  sand 
ridges  seldom  exceeds  60  feet  above  Lake  Michigan.  It  is  evident,  there- 
fore, that  the  level  of  the  lake  was  not  more  than  60  feet  at  the  time  of  the 
formation  of  this  beach,  though  its  dunes  have  sometimes  an  elevation  of 
60  feet  above  Lake  Micliigan. 

From  Dyer,  a  sea  cliff  flanked  by  beach  gravels  passes  nearly  due  east, 
changing  within  two  miles  to  a  ridge  of  dunes.    This  ridge  of  dunes  passes 
through  Schereville  and  extends  east  of  this  village  about  two  miles  when 
it  quite  suddenly  terminates  on  a  till  plain  in  the  east  part  of  Sec.  12,  Tp.  85 
north,  range  IX,  west.    The  sand  here  apparently  has  drifted  in  a  continuous 
ridge  a  mile  or  more  beyond  the  old  lake  border,  for  passing  northwest  to 
the  vicinity  of  Griffith,  a  distance  of  a  mile  or  more,  we  find  the  lake 
border  marked  by  another  line  of  dunes  or  rather  a  belt  comprising  several 
more  or  less  continuous  lines  of  dunes  trending  W.  S.  W.,  E.  N.  E.  in  the 
«ame  direction  as  the  course  of  the  Johet  division  of  the  Michigan  Central 
railroad  from  Griffith  to  Lake  —  and  thence  along  the  main  line  of  the 
Michigan  Central  railroad  for  about  five  miles  farther  east.    The  belt  is  1 
and  li  miles  in  width  and  lies  almost  entirely  on  the  south  side  of  these 
railroad  lines.     Near  Liverpool  this  belt  is  joined  by  the  line  of  dunes  which 
represents  the  middle  raised  beach,  and  from  this  village  eastward  the  two 
branches  are  closely  associated.    Near  the  crossing  of  the  Baltimore  and 
Ohio  and  Michigan  Central  railroads,  a  sudden  deflection  in  the  direction  of 
the  dune  ridges  occurs.    The  whole  belt  comprising  here  four  main  ridges 
and  several  smaller  ones  suddenly  swerves  from  an  E.  N.  E.  to  a  nearly  due 
north  course  —  and  passes  north  to  the  Calumet  marsh,  at  the  border  of 
which  all  the  ridges  suddenly  terminate.    North  of  this  marsh  the  lower 
beach  ridges,  or  at  least  ridges  which  are  quite  continuous  with  those  far- 
ther west  that  are  evidently  later  than  the  upper  and  middle  beaches,  oc- 
cupy the  interval  between  the  present  beach  of  the  lake  and  the  till  tracts 
which  lie  south  of  the  system  of  raised  beaches.    We  consequently  find  no 
indications  on  the  north  side  of  Calumet  river,  nor  indeed  in  the  portion  of 
Indiana  east  from  there  that  these  beaches  remain,  for  the  sands  of  the 
lower  beach  conceal  everything.    In  Michigan,  however,  we  find  traces  of 
the  earlier  beaches,  some  of  which  have  been  mentioned  in  the  preceding 
chapter.    The  till  ridge  which  lies  east  of  New  Buffalo,  has  gravel  in  indis- 
tinct ridges  at  intervals  on  its  western  slope — the  highest  observed  deposits 
l>eing  about  60  feet  above  Lake  Michigan. 

North  of  Galvin  river  in  Sees.  36  and  25,  Tp.  7  S.  R.  XXI  W.,  is  a  beach 


Raised  Beaches  of  Lake  Michigan.  183 

line  running  from  the  bluffs  of  the  Oalvin  river  valley,  north  to  the  lake 
bluff.  Its  elevation  at'  the  lake  bluff  is  about  55  feet,  by  aneroid  deter- 
mination, above  the  present  lake  level.  This  probably  represents  the  Up- 
X)er  beach. 

At  several  points  between  these  **  clay  banks  "  in  Sec.  80,  Tp.  7  S.,  R.  XX 
W.,  and  Sawyer  in  Sec.  2,  of  the  same  township,  the  gravels  on  the  river 
slope  of  the  till  ridge,  which  passes  from  the  clay  banks  northward  are  in 
the  forms  of  beach  lines.  They  occur  at  an  elevation  as  great  as  the  track 
of  the  Chicago  and  Western  Michigan  railroad,  which  is  55-60  feet  at  sev- 
eral points  where  comparisons  could  be  made.  One  of  the  best  developed 
fragments  of  a  beach  line  may  be  seen  100  rods  or  more  west  of  the  depot 
at  Sawyer,  where  it  is  crossed  by  a  wagon  road.  No  beach  lines  were  ob- 
served north  from  Sawyer,  which  will  be  included  with  the  Upper  beach 
deposits,  but  occasionally  the  slopes  of  till  ridges  were  coated  slightly 
by  gravel  at  elevations  about  the  same  as  those  of  the  Upper  beach  —  i.  e. , 
—  55  feet  or  more  above  Lake  Michigan. 

The  lake  bluffs  north  from  St.  Joseph  we^e  examined  with  reference  to 
finding  the  elevation  to  which  the  gravels  occur,  both  in  eroded  dunes  and 
above  till  bluffs,  but  nowhere  were  any  deposits  found  at  a  height  ex- 
ceeding 35  feet  above .  the  lake.  Quite  frequently  eroded  dunes  exposed 
gravel  to  an  elevation  of  20 — 35  feet,  but  this  is  probably  to  be  classed  with 
the  gravels  of  the  middle  and  lower  beaches. 

THE  MIDDLE  BEACH. 

We  fiDd  it  necessary  to  explain  the  general  surface  features  of  a  tract 
north  of  the  Chicago  river  before  attempting  to  give  the  distribution  of  the 
beach  lines  which  border  it.  There  is  a  till  plain  lying  east  of  the  portion 
of  the  upper  beach  that  lies  north  of  this  riter.  Its  western  border  is  80 
feet  or  more  above  the  level  of  Lake  Michigan.  This  till  plain  has  a  width 
of  two  to  four  miles,  and  descends  toward  the  east  to  an  elevation  of  but 
10 — 15  feet  above  the  lake.  East  of  this  till  plain  there  is  a  prominent  beach 
line  rising  to  an  elevation  of  30 — 35  feet  above  Lake  Michigan.  The  plain 
therefore  appears  to  be  bordered  by  two  beach  lines,  the  one  on  the  west 
being  40  feet  more  or  less  above  the  level  of  the  lake,  while  that  on  the  east 
is  30-35  feet.  Taking  up  now  the  distribution  of  these  beach  lines  we  can 
best  describe  the  western  one  as  lying  along  the  eastern  face  of  the  portion 
■of  the  upper  beach  north  of  Chicago  river,  differing  from  it  only  in  eleva- 
tion, and  in  having  a  more  easterly  extension  down  the  north  side  of  Chi- 
cago river.  The  eastern  beach  line  leaves  the  lake  bluff  about  two  miles 
north  of  Evanston  and  passes  nearly  due  south  for  some  seven  miles  to 
Rose  Hill  cemetery.  At  the  cemetery  it  makes  an  abrupt  turn  to  a  course 
slightly  south  of  west  and  extends  to  Bowmanville  in  Sec.  12,  Tp.  40  N.,  R. 
XIII  E. ,  where  it  drops  down  quite  suddenly  near  the  bank  of  the  Chicago 
river.  It  does  not  reappear  on  the  opposite  side  of  the  river.  The  interval 
between  the  eabtern  end  of  this  ridge  and  the  western  terminus  of  the  spur- 
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like  prolongation  of  the  western  beach  line  down  the  north  side  of  the  river 
is  fully  li  miles.  This  inward  curving  of  the  southern  ends  of  the  two 
beach  lines  diminishes  the  distance  between  the  ridges  one-half,  but  still 
leaves  so  wide  a  gap  that  the  connection  of  the  eastern  ridge  with  the  ser- 
ies of  raised  beaches  is  not  yet  satisfactorily  determined. 

No  good  exposure  was  found  in  the  western  beach  line,  but  the  eastern 
has  a  diagonal  exposure  of  its  whole  vertical  section  at  the  lake  bluff.  Por- 
tions of  the  plain  which  lies  immediately  west  of  this  ridge  are  covered 
with  peat,  and  we  find  that  at  the  exposure  along  the  lake  a  peat  bed 
which  lies  near  the  surface  just  west  of  the  ridge,  passes  under  the  ridge 
as  shown  in  the  following  section  and  description. 

Section  near  beach  line  beneath  plain  which  borders  it  on  the  west: 

• 

1.  Sofl  and  gray  sand 12-15  inches 

8.  Peat 2- 8  inches 

8.  Gravelly  sand 6-%  inches 

4.  Yellow  pebbly  clay,  very  calcareous 11-12  feet 

The  clay  No.  '*  4"  assumes  a  bluish  cast  near  the  bottom,  just  above  the 
water's  edge.  Its  upper  surface  is  eroded,  and  No.  **  3"  has  filled  up  the 
old  channels  or  irregularities  in  its  surface.  It  is  for  this  reason  that  it 
varies  so  much  in  depth.  No  "  8  "  contains  blocks  of  limestone  8-10  inches 
in  diameter,  but  the  majority  of  its  pebbles  are  small. 

As  we  go  from  this  exposure  through  the  exposed  section  of  the  beach, 
we  find  the  sand  which  overlies  the  peat  bed  in  the  above  section,  increases 
in  thickness  as  soon  as  the  ridge  is  entered.  When  it  attains  a  thickness  of 
about  five  feet,  a  coarse  gravel  and  cobble  appears  above  the  sand.  Thi^ 
cobble-gravel  is  a  thin  bed  at  first,  but  increases  to  a  thickness  of  11 — 12  feet 
beneath  the  highest  part  of  the  beach  ridge,  and  has  here  layers  of  sand  in- 
terstratified  with  it.  The  bed  of  sand  which  lies  beneath  this  gravel  has 
a  depth  of  some  ten  feet  or  more  beneath  the  deepest  ix)rtion  of  the  ridge. 
It  is  underlain  by  a  peat  bed,  the  continuation  of  the  peat  which  lies  near 
the  surface  west  of  the  ridge,  as  is  shown  in  the  above  section.  The  peat 
bed  has  slight  breaks  in  it  beneath  the  beach  ridge,  but  can  be  easily  fol- 
lowed at  a  quite  definite  horizon  entirely  through  it.  It  is  3 — 6  inches  in 
thickness.  It  contains  pieces  of  mangled  wood  beneath  the  higher  portions 
of  the  ridge.  Between  this  peat  bed  and  the  yellowish  blue  till  which 
forms  the  base  of  the  exposure,  there  is  a  gravelly  sand  6 — 18  inches  in 
depth.  The  till  rises  about  12  feet  above  the  level  of  the  lake.  The  eleva- 
tion of  the  crest  of  the  beach  ridge  is  about  35  feet  above  Lake  Michigan. 

The  peat  bed  is  found  along  the  lake  shore  east  of  this  beach,  near  the 
surface,  as  it  is  west  of  the  beach.  Tlie  beach  appears,  therefore,  to  have 
been  built  upon  a  submerged  land  surface.  There  is  probably  significance 
in  the  fact  that  the  peat  only  extends  a  few  rods  west  from  the  beach 
ridge,  but  fringes  it  on  this  border  for  several  miles.  East  of  the  beach  the 
X)eat  occupies  a  considerable  portion  of  the  interval  between  this  and  a 
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Lower  beach  which  is  described  later,  and  it  was  observed  beneath  this 
lower  ridge  in  the  same  situation  as  beneath  the  ridge  just  described.  The 
writer  has  not  been  able  thus  far  to  satisfy  his  own  mind  with  anj  theory 
explaining  the  burying  of  this  peaty  surface  beneath  these  lake  beaches 
If  the  beaches  were  composed  entirely  of  sand,  their  material  might  have 
been  drifted  beyond  the  lake  border  and  covered  the  adjacent  lands,  but  there 
is  here  a  heavy  deposit  of  coarse  gravel  capping  the  beach,  which  certainly 
could  not  be  drifted  by  the  wind.  It  might  seem  easy  to  account  for  the 
phenomena  b^  supposing  that  there  have  been  oscillations  of  level  with 
periods  of  emergence  followed  by  periods  of  submergence,  but  we  found 
no  evidences  of  such  oscillations  elsewhere.  The  limitation  of  the  peat  to 
the  immediate  border  of  the  beach  also  presents  difficulties  in  forming  an 
explanation  under  hypotheses  which  have  thus  far  arisen.  The  writer  has 
attempted  to  conceive  a  method  by  which  a  protective  bar  could  have  been 
built  up  into  the  form  which  this  beach  Une  presents,  but  has  not  been  suc- 
cessful. 

Continuing  now  the  distribution  and  description  of  the  Middle  beach 
from  the  Chicago  river  southward,  we  find  that  the  western  Middle  beach 
repeats  the  phenomena  of  the  Upper  beach  in  swinging  down  the  nortli 
side  of  the  Chicago  river  so  that  when  we  cross  the  river  to  find  its  con- 
tinuation we  must  pass  up  stream  some  two  miles.  The  Middle  beach  is 
well  developed  immediately  north  of  Jefferson,  in  Sec.  9,  Tp.  40,  R.  XIII  E. 
It  has  here  an  elevation  of  40  feet  above  Lake  Michigan,  and  is  therefore 
as  elevated  as  the  portion  of  the  beach  immediately  opposite,  and  some 
5 — 10  feet  higher  than  the  spur  referred  to  above  as  extending  eastward 
along  the  north  side  of  the  river. 

This  beach  line  has  a  course  varying  slightly  to  the  east  and  west  of 
south  through  Cragin's  and  Austin  to  the  soutli  part  of  Sees.  16  and  17, 
Tp.  39,  R.  XII  (  E.,  when  it  assumes  a  southeasterly  course  to  the  Des 
Plaines  river,  at  Riverside.  The  following  are  the  elevations  of  the  crest 
of  this  beach  at  points  crossed  by  railway  lines:  Jefferson,  40  feet; 
Cragin's,  38  feet;  Austin,  38  feet;  Wisconsin  Central  crossing  (west  side  of 
Sec.  16,  Tp.  39,  R.  XIII  E.)  38  feet;  Riverside,  40  feet. 

This  portion  of  the  beach  line  between  the  Chicago  and  Des  Plaines 
rivers  seldom  rises  more  than  6 — 7  f«et  above  the  plain,  which  borders  it 
on  the  east,  and  but  2 — 3  feet  above  that  on  the  west.  It  is  a  low  beach, 
coated^ by  beach  gravels  1 — 2  feet  in  depth,  with  an  occasional  depth  of 
6 — 8  feet.  This  bench  is  a  noticeable  feature  on  the  level  plain,  though  its 
elevation  is  so  shght,  and  its  course  is  well  shown  by  a  narrow  belt  of  tim- 
ber, which  follows  it  across  the  otherwise  treeless  prairie. 

Between  Riverside  and  Summit  is  the  old  outlet  of  Lake  Michigan  into 
the  Des  Plaines  valley.    At  Summit  there  is  a  prominent  beach  line  turn- 
ing down  the  east  bluff  of  the  Des  Plaines  river,  which  traced  eastward 
from  this  opening  into  the  river  valley,  takes  a  more  or  less  direct  course 
toward  the  north  end  "  Blue  island  till  ridge,"  and  keeping  slightly  north 
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of  this  till  ridge,  it  swings  around  to  its  eastern  side,  and  bearing  away 
from  its  southern  end,  comes  to  the  Calumet  river  near  Riverdale.  Its  ele- 
vation at  Siunmit  is  40  feet;  at  Washington  Heights,  41  feet;  but  at  sev- 
eral points  between  these  villages  a  survey  made  by  the  Chicago  Drainage 
Commission,  reports  its  elevation  as  85  feet  above  Lake  Michigan. 

The  best  exposure  of  the  structure  of  this  portion  of  the  beaqh  is  found  at 
Summit.  An  extensive  excavation  is  made  near  the  curving  portion  of 
the  beach,  just  as  it  is  about  to  turn  down  the  River  Valley.  The  beds  of 
gravel  dip  toward  the  north  with  a  low  angle  (10 — 15").  There  is  but  little 
sand  with  the  gravel.  For  a  short  distance  the  excavation  shows  a  depth 
of  20  feet  of  beach  deposits,  but  in  passing  eastward  the  pebbly  clay  which 
underhes  them  rises  perceptibly.  The  gravel  is  brown,  stained  to  a  depth 
of  3 — 4  feet  from  the  surface.  Below  this  depth  it  is  unstained.  It  is 
but  slightly  calcareous,  even  in  the  finer  sandy  portions.  The  pebbles  sel- 
dom exceed  one  inch  in  diameter.  They  are  worn  smooth  like  those  along 
the  present  beach  of  the  lake. 

We  are  told  that  shells  of  Unios  and  of  smaller  mollusks,  also  fragments 
of  wood,  have  been  found  at  the  base  of  the  gravels,  but  none  were  at  hand 
at  the  time  of  our  visit.  Portions  of  the  beach  east  of  Blue  Island  are 
quite  sandy. 

South  from  the  Calumet  river  this  beach  has  a  wide  break,  for  the  lake 
discharged  past  the  south  end  of  Blue  Island  through  the  sag  into  the 
Des  Plaines  river  valley.  The  outlet  from  Blue  Island,  west  to  the  point 
where  the  sag  narrows  to  pass  through  the  Valparaiso  moraine,  has  a 
width  of  no  less  than  three  miles.  Its  north  border  is  well  marked  in  the 
form  of  a  sea  cliff,  on  the  north  side  of  the  sag,  and  on  the  south  it  washed 
the  foot  of  the  Valparaiso  moraine.  An  island  locally  known  as  Lane's 
Island,  hes  in  this  outlet,  and  its  borders  are  flanked  by  gravelly  deposits, 
to  an  elevation  of  about  35  feet  above  Lake  Michigan.  This  island  ap- 
parently, was  submerged  at  the  time  when  the  upper  beach  was  formed, 
for  its  surface  is  very  level  and  has  a  coating  of  sand.  Similarly,  a  large 
tract  of  land  west  of  Blue  Island,  whicti  was  not  submerged  at  the  time  of 
the  formation  of  the  Middle  beach,  was  covered  by  the  lake  at  the  epoch 
of  the  Upper  beach. 

We  were  interested  in  noting  a  boulder-strewn  belt  occupying  the  por- 
tion of  the  sag  outlet,  just  east  of  the  Valparaiso  moraine.  The  boulders 
in  places,  number  several  thousand  per  acre,  so  that  it  is  very  difficult  to 
till  the  soil.  They  are  both  Paleozoic  and  Archaen.  They  may,  many  of 
them,  have  been  dropped  by  ice-floes  at  the  time  of  the  lake  expansion, 
for  the  configuration  of  the  channel  west  from  here,  is  such  as  to  impede 
a  free  discharge  into  the  Des  Plaines  valley,  but  a  portion  of  them  prob- 
ably, were  dropped  there  by  the  glacier,  at  a  much  earlier  period,  for  other 
gaps  in  the  moraines,  similar  to  the  sag,  where  the  lake  had  no  outlet, 
often  have  a  large  number  of  holders  in  them. 

Tlie  lake  at  the  epoch  of  the  Middle  beach,  probably  extended  nearly  as  far 
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south  as  at  the  time  of  the  Upper  beach,  for  no  beach  lines  were  observed 
west  of  the  Ulinois  Central  railroad.  East  from  this  railway,  however,  a 
well-defined  beach  exists.  It  assumes  sufficient  prominence  to  be  notice- 
able in  Sees.  27  and  28,  Tp.  36,  R.  XIV  E.,  there  being  on  these  sections 
a  low  beach  10 — 15  feet  high,  a  portion  of  which  is  a  rocky  escarpment, 
but  the  remainder  is  till  across  Thorn  Creek,  from  the  east  end  of  this 
bench  in  Sec.  85  of  the  same  township,  a  beach  line  of  much  strength  is 
developed.  It  is  40 — 80  rods  wide,  and  has  dunes  20  feet  or  more  in  heighth. 
It  has  a  nearly  due  east  course  for  three  miles  in  Illinois,  passing  through 
the  village  of  Lansing.  It  continues  into  Indiana  with  the  same  course, 
lying  along  the  north  border  of  Cady  marsh,  to  the  eastern  end  of  the 
marsh,  thence  it  continues  with  a  cousre  slightly  north  of  east  to  Liver- 
pool, where  it  becomes  associated  with  the  Upper  beach  lines,  and  its 
further  distribution  is  given  in  connection  with  those  beaches.  The 
Indiana  portion  of  this  beach  west  of  its  junction  with  the  Upper  beaches, 
is  a  single  ridge  of  sand  slightly  i)ebbly  in  places.  It  drifts  into  dunes  at 
several  points,  but  none  were  observed  wliose  height  exceeds  40  feet 
above  the  plain  at  the  base  of  the  ridge.  The  ridge  where  not  drifted  into 
dmies,  is  sofne  15  feel;  above  its  immediate  base,  and  has  a  width  of  40 
rods  more  or  less.  Its  elevation  at  Lansing,  UHoois,  is  43  feet  above  Lake 
Michigan.     No  other  elevations  are  at  hand  at  time  of  writing. 

Between  this  beach  line  and  the  Calumet  river  there  is  a  plain  underlain 
by  pebbly  clay,  and  having  scarcely  any  coating  of  sand  or  gravel.  The  beach 
deposits  seldom  extend  more  than  80  rods  north  from  the  base  of  the  ridge. 

THE  LOWER  BEACH. 

The  most  northerly  point  at  which  this  beach  has  been  identified  is  at 
Evanston,  Illinois.  It  rises  here  nearly  25  feet  above  the  lake,  and 
has  at  its  northern  extremity  a  width  of  30  rods  or  more.  It  passes 
through  the  eastern  part  of  the  city  of  Evanston,  and  its  course  from  Evans- 
ton  to  Ravenswood  is  nearly  south.  From  Ravenswood  it  bears  slightly 
east  of  south,  to  Lincoln  Park  in  the  north  part  of  Chicago,  and  passes 
through  the  western  part  of  this  park.  In  the  early  days  of  Chicago,  the 
ridge  was  developed  at  intervals  through  the  eastern  part  of  the  city,  but 
all  traces  are  now  removed.  In  the  southeast  part  of  Chicago,  and  in 
Hyde  Park,  the  beach  has  not  been  removed.  Between  Hyde  Park  and  Eln- 
glewood  it  is  well  developed,  having  an  extreme  elevation  of  19  feet 
above  the  lake.  From  Englewood  it  passes  south  through  Sec.  21,  to 
the  center  of  Sec.  28,  Tp.  88  N.,  R.  XIV  E.  South  from  here  it  is  a  low 
belt  of  land  ^ — |mile  in  width,  and  rising  scarcely  10  feet  above  Lake  Michi- 
gan, which  connects  the  low  lands  west  of  Chicago,  and  in  the  Stock  Yards 
in  the  southwest  part  of  Chicago,  with  the  low  land  along  Lake  Michigan, 
near  Lake  Calumet. 

South  from  this  low  belt  there  are  two  beaches,  neither  of  which  are 
the  exact  equivalents  in  height  of  the  ridge  we  have  just  traced.  The  in- 
nermost of  these  beaches  extends  from  tlie  head  of  Lake  Calumet,  east  of 
Pulman,  northwest  to  the  vicinity  of  South  Lynn.     In  is  a  bench  4 — 6  feet 
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in  height,  capped  by  a  slight  deposit  of  beach  gravels.  Its  elevation  is  but 
12  feet  above  Lake  Michigan,  for  two  miles  or  more  from  Lake  Calumet, 
but  further  west  it  is  15—20  feet.  Low  as  it  is,  it  marks  a  quite  distinct 
change  in  the  surface  deposit.  On  its  east  side  is  a  sand  deposit,  1-18  feet 
in  depth,  but  on  the  west  there  is  a  pebbly  clay,  except  along  beach  lines 
already  described. 

A  second  beach  lies  about  a  mile  west  from  the  one  just  described.  It  is  a 
bench  or  low  sea  cliff  10-12  feet  in  lieight  along  its  southern  part,  but  less 
in  the  northern  part.  It  can  be  traced  easily  from  the  Calumet  river,  near 
Riverdale,  north  through  Kensington,  to  the  northwest  comer  of  Sec.  15,. 
Tp.  87  N.,  R.  XIV  W.,  where  it  merges  into  the  plain  which  borders  it. 
South  of  the  Calumet  river,  in  Riverdale,  is  a  ridge  of  sand  and  gravel 
which  is  probably  of  the  same  age  as  the  bench  at  Kensington.  It  has  a 
course  almost  due  southeast  to  the  Indiana  line,  entering  that  state  about 
li  miles  south  of  Hammond. 

An  interesting  problem  arises  as  to  the  outlet  of  Lake  Michigan  at  the 
time  the  lower  beach  was  forming.  There  may  have  been  a  narrow  outlet 
through  the  Calumet,  from  Rlv^erdale  to  Blue  Island,  and  thence  through 
"  the  sag,"  into  the  Des  Plaines  valley.  There  may  have  been  another  from 
near  Lake  Calumet,  just  between  the  Englewood  beach  and  the  low  benches 
above  described,  into  the  Chicago  river  near  the  Union  Stock  Yards,  and 
thence  west  through  a  marshy  tract  called  **  Mud  Lake,"  to  tlie  Des  Plaines 
river.  There  may  also  have  been  ah  outlet  via  the  Chicago  river,  through 
the  city  to  **  Mud  Lake,"  and  thence  into  the  Des  Plaines  valley.  Tliere  are 
no  points  along  any  of  these  low  belts  that  exceed  16  feet  above  the  present 
level  of  the  lake,  and  those  via.  **  Mud  Lake  "  are  in  no  case  above  10  feet. 
Probably  tlie  whole  region  in  and  near  Chicago,  whose  elevation  is  15  feet 
or  less  above  Lake  Michigan,  was  covered  with  water  at  tlie  time  when 
this  beach  was  forming.  It  is  also  probable  that  the  outlet  at  the  north  end 
of  Lake  Micliigan  was  opened  during  the  period  wlien  the  lower  beach  was 
forming,  if  it  had  not  opened  previous  to  that  time. 

We  are  indebted  to  Prof.  Oliver  Marcy,  of  Evanston,  for  a  raref ul  section 
of  the  beach  at  the  lakeshore  in  Evanston,  made  in  1864,  at  which  time 
there  was  a  peculiarly  good  exposure.  The  section  was  exposed  nortli  of 
Heck  Hall,  at  the  border  of  the  University  campus: 

1.  Surface  soil,  sandy 1 V^  fe*?t 

2.  Brown  sand  and  fine  gravel iJJ^  feet 

8.    Coarser  gravel,  stratified 2}>^  feet 

4.    Fine  sand 2     teot 

6.    Gravel  containing  bones  of  deer 1%  feet 

6.  Fine  sand  containing  oak  logs 1^  fe«  t 

7.  Peat  or  carbanaceous  earth,  with  a  marl  bed  containing  inolluscan  shells 

in  the  lower  portion,  or  intei*stratifled  with  the  peat 1]^  fe**t 

8.  Gravel 8V4  fe«H 

9.  Humus  soil  with  cetlar  stump  and  logs 4-6  inches 

10.  Yellow  clay  laminated  and  contorted  —  containing  pockets  of  gravel 3V4  fe<'t 

31.    Blue  pebbly  clay 2      feet 

Height  of  bluff 22     feet 
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Prof.  Marcy  has  Tepreseniatives  of  the  above  beds  in  their  natural  order, 
in  a  glass  cylinder.  He  also  has  the  organic  remains  referred  to.  The  bone 
is  a  portion  of  the  femur  of  a  deer — (species  not  determined).  The  oak 
wood  is  well  preserved  but  the  cedar  is  mangled  and  sUvered.  Prof.  Marcy 
also  has  specimens  of  mollusks  collected  from  the  marl  beds  associated  with 
the  peat  in  No.  **  7"  of  the  above  section.  The  following  are  specifically 
identified  —  1.  Planorbis  campanulatus.  2.  Planorbis  pava.  8.  Amnicola 
hinosa.    4.  Pisidium  dubium.    5.  Cyclas  sulrata. 

Unios  of  various  sizes  occur,  which  are  not  specifically  identfied.  There 
are  also  other  molluscan  remains  not  included  in  the  above  species. 

Mr.  H.  M.  Bannister  of  the  Illinois  (Geological  Survey,  mentions  the  fossils 
found  in  these  beach  lines  in  Vol.  Ill,  p.  242,  of  the  Illinois  Geological  Reports. 
He  states  that  there  are  found  existing,  species  of  Unio.  Pisidium,  Physa, 
Lymna,  Planorbis,  Volvata,  Amnicola,  Milantho  and  Ancylus.    . 

A  partial  exposure  at  the  point  on  the  shore  represented  by  Prof.  Marcy's 
section  abave  given,  was  examined  by  the  writer  in  1887,  and  the  following 
section  obtained: 

1.  Yellowish  red  (iron-stained)  sand  8-5     feet 

2.  Band  of  bog  iron  ore  granular ,* 4-4J  inches 

3.  Gravel  with  beds  of  sand  included 5-7     feet 

The  stratiflcation  is  very  irreguLar  in  thickness  and  assorting  very  imper- 
fect)— 

4.  Coarse  sand  not  calcareous (H2  inches 

5.  Calcareous  loam 3  inches 

6.  Yellow  day  very  calcareous  with  leaves  embedded 8  inches 

7.  Carbonaceous  band  not  calcareous 2inches 

S.    Yellow  calcareous  clay  similar  to  No.  "6" 4-6  inches 

9.  Band  of  carbonaceous  material  not  calcareous 2  inches 

10.  Brown  sand  with  twigs  ami  peaty  material ft-10  inches 

11.  Water  bearing  sand  

Talus  obscures  the  lower  portion  of  the  bluflf.  Nos.  **6"  and  **8"  contain 
gasteropod  shells. 

Several  exposures  of  Nos.  "6 — 9"  were  noted  along  the  lake  bluflf  further 
north.  They  were  found  well  developed  at  outcrops  beyond,  i.  e.,  further 
northwest  than  the  outcrops  of  beach  deposits,  which  overlie  them  in  the 
above  section.  Beneath  them  is  a  yellowish  sand  four  feet  or  more  in 
depth,  and  beneath  the  sand  resting  upon  a  pebbly  clay  is  an  occasional 
outcrop  of  humus  soil,  probably  No.  "9"  of  Prof.  Marcy's  se<;tion. 

In  a  cut  where  the  wagon  road  comes  down  to  the  lake  shore,  south  of 
the  Evanston  waterworks,  the  peat  beds  pass  back  into  the  peaty  soils  of  the 
low  land  west  of  this  beach  ridge.  The  connection  of  this  peaty  bed  with 
that  beneath  the  eastern  ridge  of  the  middle  beach,  has  already  been  dis- 
cussed in  connection  with  that  ridge. 

The  profile  of  Fullerton  Avenue  conduit  in  the  north  part  of  Chicago 
shows  the  depth  of  sand  and  gravel  tlirough  the  entire  width  of  the  deposit 
between  the  lake  shore  and  Chicago  river.    The  ridge  portion  of  the  lower 
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beach  lies  1,400 — 2,100  feet  from  the  lake  shore,  and  the  maximum  depth 
of  sand  (25  feet),  is  about  1,700  feet  from  the  lake.  On  the  west  border 
from  2,100—2,600  feet,  the  depth  is  about  17  feet,  and  from  2,600—6,000  feet 
it  averages  about  12  feet  in  depth.  From  the  latter  point  westward  the 
depth  gradually  decreases  and  the  sand  disappears  1,900  feet  east  from  tlie 
Chicago  river.  From  the  inner  border  of  the  beach  ridge,  to  the  lake  shore 
a  distance  of  1,400  feet,  the  deposits  are  about  18  feet  in  depth.  At  the 
water's  edge  the  depth  is  but  10  feet.  The  profile  continues  out  1,100  feet 
beneath  the  lake  and  there  is  but  three  feet  of  sand  and  gravel  at  its  termi- 
nus. The  deposit  throughout  is  mainly  sand,  but  some  gravel  was  en- 
countered. Shells  of  Unios  and  other  moUusks  were  imbedded  at  frequent 
intervals  throughout  nearly  the  whole  width  of  the  deposit.  Beneath  these 
beach  deposits  there  is  everywhere  a  pebbly  blue-gray  clay,  and  no  difference 
could  be  detected  in  emerged  and  submerged  portions.  Tliis  pebbly  clay  is 
described  in  a  previous  chapter. 

In  Hyde  Park,  the  lower  beach  contains  much  more  gravel  than  is  shown 
in  the  FuUerton  Avenue  profile.  *  The  width  of  the  system  of  raised  beaches 
between  Hyde  Park  and  Englewood,  is  fully  one  mile,  and  between  these 
beaches  and  the  present  beach,  the  surface  is  covered  with  sand  and  gravel. 

At  Riverdale  the  beach  deposits  are  scarcely  four  feet  in  depth,  but  at 
Dolton  Junction  they  are  eiglit  feet  and  two  miles  east  of  Dolton,  the 
depth  along  the  west  of  the  ridge  is  12 — 15  feet,  and  at  the  state  line  it  is 
reported  to  be  about  24  feet.  The  whole  surface  from  Lake  Calumet  south 
to  the  beach  ridge  just  alluded  to,  is  covered  with  sand,  the  depth  of  which 
in  places  is  at  least  18  feet.  The  whole  interval  in  fact  between  the  lower 
raised  beach  and  the  present  lake  shore  is  covered  with  sand,  not  only  in 
Illinois,  but  also  in  Indiana  and  Michigan,  as  will  appear  on  a  subsequent 
page.  Its  separation  from  the  present  beach  is  merely  a  itiatter  of  eleva- 
tion, apparently,  consequent  upon  the  gradual  lowering  of  the  level  of  the 
lake. 

The  beach  which  enters  Indiana  about  H  miles  south  of  Hammond,  passes 
east  through  the  villages  of  Hessville,  Tolbston  and  Miller,  lying  1 — 2  miles 
north  of  the  Little  Calumet,  and  about  an  equal  distance  south  of  tlie 
Grand  Calumet  river.  East  from  J^Iiller  tlie  beach  is  quite  continuous  as 
far  as  Michigan  City,  lying  1 — 2 A  miles  back  from  the  present  beach. 
East  from  Michigan  City  there  are  only  fragmentary  beach  lines,  the  dis- 
tribution of  which  will  be  given  presently. 

Between  the  beach  just  descril>ed  and  the  present  beach,  there  are  in 
Lake  County,  Indiana,  a  series  of  lower  beach  lines  sepai*ated  by  narrow 
swamps,  which  fill  the  whole  interval  between  the  lake  and  the  beacli, 
leaving  no  such  broad  level  tracts  as  occur  between  the  Middle  and  Lower 
l)eaches  along  the  Little  Calumet  and  l)etween  the  Uj»per  and  Middle 
beaches  along  Caeby  marsh.  On  the  meridian  of  Hessville,  there  are  not 
fewer  than  thirty  of  these  lower  beach  hues.  These  beaches  are  more 
closely  associated  with  the  main  Lower  l^each   in  Porter  county,  for  the 
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interral  between  this  beach  and  the  lake  is  much  narrower  than  in  Lake 
county.  These  minor  beach  lines  are  but  a  few  feet  in  height,  and  6 — 10 
rods  in  width .  At  their  western  ends  they  are  lost  in  the  sandy  plain 
which  borders  Wolf  Lake,  Lake  Calumet  and  other  small  lakes  near  the 
state  line  or  the  borders  of  Lake  Michigan.  It  is  probable  that  these  beach 
lines  have  each  in  turn  shut  off  portions  of  the  lake  lagoons,  and  thus 
made  encroachments  upon  it.  They  were  probably  built  up  as  bars,  work- 
ing their  way  westward  along  the  coast,  for  the  shore  currents  at  the 
present  day  are  carrying  sand  across  the  south  end  of  the  lake  in  a  west- 
erly course,  and  building  up  broad  branches  at  the  head  of  the  lake. 

By  reference  to  the  Illinois  beach  lines  it  will  be  seen  that  from  Chicago 
south,  the  beach  which  formerly  bore  west  of  south  to  Englewood,  has  by 
gradual  accretions  along  its  eastern  border,  been  built  out  several  miles  to 
the  eastward.  The  shore  currents  on  the  west  side  of  the  lake  are  south- 
ward, and  consequently  they  unite  with  the  westerly  currents  on  the  south 
shore  to  build  up  a  broad  beach  at  the  head  of  the  lake;  near  the  state  line 
between  Illinois  and  Indiana.  Between  the  western  ends  of  the'  low 
beaches  in  Lake  county,  Indiana,  and  the  southern  ends  of  the  beach  lines 
near  Englewood,  in  Illinois,  is  a  low  sand-covered  tract  occupied  by  sev- 
eral small  lakes,  and  nowhere  rising  to  the  height  of  the  beach  lines,  much 
of  it  being  scarcely  five  feet  above  the  level  of  Lake  Michigan.  This  was 
apparently  an  open  bay  at  the  time  these  bar-like  beaches  were  forming, 
but  has  now  become  filled  with  sand,  leaving  Lake  Calumet  and  other 
lakelets  and  ponds  as  remnants  of  its  waters. 

The  shores  of  the  lake  at  the  present  day  are  not  stationary.  In  one 
place  encroachments  are  made  upon  the  bordering  shores  while  in  adjacent 
portions  of  the  shore  accretions  and  accumulation  is  going  on.  Thus  from 
Waukegan  to  Evanston,  Illinois,  the  bluffs  are  undermined  and  removed 
at  a  rapid  rate,  but  from  Evanston,  south  to  the  head  of  the  lake,  the  ac- 
cumulation along  the  beach  is  greater  than  the  removal.  On  the  opposite 
side  of  the  lake  from  Langatuck,  Michigan,  to  a  point  on  the  shore  some 
ten  miles  southwest  from  Michigan  City,  Indiana,  the  removal  is  greater 
than  the  accumulation,  but  as  is  shown  above,  the  accumulation  exceeds 
the  removal  along  the  remainder  of  the  south  shore.  The  projecting  points 
along  the  lake  are  undermined  more  rapidly  than  the  heights,  so  that  the 
lake  tends  toward  a  more  regular  outline  by  its  erosive  power,  and  as  we 
have  seen  above  the  bay-like  elongation  at  the  head  of  the  lake  has  been 
greatly  reduced  since  the  epoch  of  the  main  lower  beach,  so  that  the  lake 
is  also  tending  toward  a  smoother  outline  by  its  depositing  jiower. 

The  lower  beach  in  Indiana  is  composed  mainly  of  sand  —  gravel  being 
found  only  in  its  deeper  portions.  The  sand  has  drifted  into  dunes  through- 
out the  entire  length  of  the  beach  lines  in  this  state  -^  so  that  elevations 
taken  along  the  crest  of  the  main  ridge  do  not  show  the  height  at  which 
the  lake  stood  during  its  formation.  By  aneroid  determinations  there  is  a 
range  of  more  than  50  feet  in  the  elevation  of  this  crest,  some  portions  be- 
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ing  80  feet  or  more,  while  other  portions  are  but  80  feet  above  Lake  Mich- 
igan. The  depth  of  sand  at  the  powder  works  near  Miller,  is  82  feet. 
Beneath  the  sand  is  gravel  and  sand  in  which  are  shells  of  mollusks  called 
snail  shells  by  the  well-dif2:ger,  who  reported  them.  The  elevation  of  the 
surface  is  probably  not  more  than  50  feet  above  Lake  Michigan. 

Gravel  has  been  encountered  near  the  bottom  of  wells  along  the  ridge 
in  several  instances;  the  writer  has  no  means  of  computing  accurately 
the  elevation  above  Lake  Michigan,  but  it  is  certainly  not  more  than  30 
feet.  The  Lower  beach  in  Michigan  occurs  at  intervals  only.  It  consists 
of  dunes  and  low  sandy  ridges  lying  back  of  the  dunes  of  the  present 
beach,  which  form  a  bold  front  along  much  of  the  Michigan  shore.  They 
are  usually  separated  from  these  higher  dunes  by  marshy  belts,  but  some- 
times lie  immediately  back  of  them.  Their  height  seldom  exceeds  40  feet, 
while  the  dimes  along  the  shore  are  in  some  cases  135  feet  or  more  in 
height. 

The  most  southerly  development  of  these  older  ridges  in  Michigan  is 
found  on  the  east  side  of  the  Michigan  Central  railroad  in  New  Buffalo 
township,  where  they  extend  for  more  than  a  mile  along  the  railroad. 
North  from  here  no  ridges  of  tliis  epoch  were  noticed  south  of  the  clay 
banks,  in  Tp.  7  S.,  R.  XXIV,  but  north  from  there  to  the  vicinity  of  St. 
Joseph,  dunes  were  noted  at  frequent  intervals  lying  east  of  the  belt  along 
the  shore.  A  similar  distribution  of  two  series  of  dunes  was  noted  west  of 
Carrot,  in  Van  Buren  county.  Further  north  this  Lower  beach  was  not 
thus  identified.  Occasionally  gravel  deposits  are  exposed  along  the  lake 
shore,  capping  the  till  at  elevations  of  10 — 20  feet,  which  may  represent  this 
epoch,  but  quite  as  frequently  these  deposits,  as  has  been  already  noted, 
rise  to  heights  corresiwnding  with  the  elevation  of  the  Middle  beach  (30 — 35 
feet  above  Lake  Michigan).  The  main  development  of  the  raised  beaches, 
not  only  of  this  epoch,  but  of  all  epochs,  is  found  in  Illinois  and  Indiana, 
for  it  is  only  around  the  head  of  the  lake  that  the  land  has  gained  more 
than  it  has  lost  since  the  epoch  of  the  first  (Upper)  beach. 
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ON  THE  EMPLOYMENT  OF  THE  MEfHOD  OF  LEAST  SQUARES 
IN  THE  REDUCTION  OF  TRANSIT  OBSERVATIONS. 


By  Prop.  T.  H.  SAFFORD,  Wiluamstown,  Mass. 

In  longitude  work  upon  the  continent  of  Europe  the  polar  stars  employed 
to  find  the  azimuth  and  collination  of  the  transit  are  usually  within  a  few 
degrees  of  the  north  pole.  Each  such  star  gives  a  value  of  the  azimuth, 
and  three  are  generally  observed  each  evening,  in  reversed  positions  of  the 
instrument;  while  the  time-stars  are,  according  to  the  instructions,  twenty 
or  more  in  number,  arranged  symmetrically  about  the  polars,  in  such  man- 
ner as  to  give  opportunity  for  two  exchanges  of  signals.  The  declination* 
of  these  time-stars  are  arranged  at  the  same  zenith  distances  south,  as  th« 
polars  are  north  of  the  zenith,  so  as  to  eliminate  pivot-errors. 

This  arrangement,  for  latitudes  near  50°,  combines  the  following  advau. 
tages: 

1.  The  polar  stars  are  slow  enough  in  their  apparent  motions  for  a  delib 
erate  reversal  during  each  of  their  transits. 

2.  The  time-stars  are  in  the  declinations  most  favorable  to  accurate  ob- 
ser^ation  when  they  are  equally  distant  from  the  zenith  with  the  polars. 

3.  The  reduction  becomes  extremely  simple  in  execution,  as  the  different 
instrumental  corrections  are  directly  determined  and  equations  of  condi- 
tions, to  be  solved  by  the  method  of  least  squares  are  not  required. 

For  the  more  southern  latitudes  of  Europe,  which  correspond  to  those  of 
the  northern  part  of  the  United  States,  these  three  conditions  cannot  be 
simultaneously  fulfilled.  If,  for  instance,  the  second  condition  be  insisted 
upon,  the  first  falls  out,  for  latitude  43%  and  vice  versa.  In  order  to  fulfill 
this  second  condition  the  average  decUnation  of  time  stars  must  be  taken  at 
about  20";  and  the  polar-stars  at  66°:  which  is  too  far  south  to  accomplish 
the  necessary  reversals  without  hurry  during  the  single  transits. 

Certain  Umitations,  however,  which  are  necessary  in  Europe,  are  needless 
in  America.  For  instance,  the  greater  length  of  the  circuits  over  which 
very  much  of  our  telegraphic  longitude  work  is  done,  renders  it  very  diffi- 
cult to  observe  the  same  stars  at  both  stations.  As  our  absolutely  definitive 
reductions  are  not  immediately  necessary,  the  star -places  used  in  any  cam- 
paign can  be  left  open  for  future  improvement;  when,  for  instance,  geo- 
detic measures  shall  be  made  over  the  whole  territory.  Again,  the  unsettled 
country  in  which  much  of  the  work  is  done  renders  it  necessary  for  us  to 
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adopt  a  different  type  of  instruments  from  the  European,  lighter  and  more 
portable,  less  liable  to  injury  in  transportation;  but,  on  the  other  hand, 
more  care  has  to  be  exercised  in  so  arranging  our  star-lists  that  all  aonceiv- 
able  instrumental  errors  shall  be  eliminated;  we  cannot  depend  too  fully 
upon  one  particular  arc  of  the  circle  described  by  the  telescope.  All  these 
things  considered,  it  has  been  the  practice  of  American  observers  to  select 
their  time  and  polar  stars  in  a  much  wider  range  of  declination  than  the 
Europeans  employ;  and  to  use  the  method  of  least  squares  in  their  reduc- 
tions. 

I  have  myself  employed  these  methods,  both  of  selection  of  stars  and  re- 
duction, in  second  longitude  campaigns;  and  have  formulated  for  myself 
the  practical  rules  to  be  followed.  The  earlier  years  of  this  work  were 
•pent  in  determinations  at  very  distant  points,  accessible  with  difficulty,  and 
with  quite  inferior  instruments;  so  that,  as  they  were  also  usually  in  bad 
repair,  it  required  very  careful  handling  to  produce  even  tolerable  results. 

Later,  in  1878, 1  had  the  use  of  an  excellent  transit  instrument,  which 
was  in  first-rate  condition;  and  was  then  able  to  apply  the  rules  which  I 
had  previously  made  for  myself,  to  a  better  state  of  external  circumstances. 
In  the  present  paper  I  shall  state  the  conditions  for  a  good  series  of  time- 
determinations  in  this  country,  as  I  now  understand  them,  with  especial 
reference  to  the  western  States  and  Territories,  and  the  methods  of  reduc- 
tion. 

The  observations  to  which  I  have  last  referred  were  made  in  1878,  at 
Ogden,  Utah,  in  latitude  41*  13'.  The  results  are  given  in  the  Report  of 
the  Chief  of  Engineers  for  187d-80  (Executive  Documents,  2d  Session,  46th 
Congress,  Vol.  5),  pages  1988-6.  It  will  be  seen  that  during  a  space  of  2^ 
months,' from  July  25th  to  October  10th,  74  days  in  all,  there  were  67  deter- 
minations of  time.  Signals  were  exchanged  on  26  nights  with  the  regular 
observers  of  Captain  Wheeler's  survey;  and  the  observations  on  these  nights 
reduced  by  the  method  of  least  squares;  all  these  cal«ulations,  as  well  as 
the  preliminary  ones  necessary  for  the  other  nights,  were  completed  within 
the  two  months  after  the  first  exchange,  August  12tli,  so  that  the  method 
of  reduction  is  not  too  complicated  to  be  practicable. 

The  following  would  be,  in  my  judgment,  an  advantageous  selections  of 
stars  for  a  latitude  41°  —  44°;  the  group  is  arranged  nearly  as  at  Ogden,  and 
differs  from  my  ordinary  arrangements  in  those  times  only  because  I  had 
then  fewer  close  polar  stars  available.  The  stars  are  taken  from  the  Berlin 
Jahrbuch,  or  other  ephomerides,  and  from  my  catalogue  of  2018  stars  pub- 
lished by  the  Engineer  Bureau: 
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Name  of  8tar. 

A.  R.  1885.0 

Decl.  1885.0 

Remarks. 

ic  CassiopeiaB 

0    26    28 
0    30    44 
0    33    52 
0    38    19 
0    22    43 

0  53    12 

1  2    27 
1      5    20 
1      7    30 
1     11    52 
1     17    41 

-h62    18 
4-33      5 
4-20    48 
4-47    39 
4-    6    57 
4-a5    38 
4-5      2 
4-29    29 
4-23    59 
4-    3       1 
4-67    31 

n  AndromedsB 

55  Piscium 

o  CassiopeiaB 

6  Piscium 

Cephei43  H 

B  Piscium 

Reverse  on  this  star. 

r  Piscium 

It  Piscium 

/  Piscium 

it  Cassiopeisa 

It  will  be  noticed  that  I  have  introduced  no  stars  at  lower  culmination. 
The  reason  for  this  is,  that  unless  they  are  very  near  the  pole,  the  azimuth 
CO  efficient  which  they  furnish  is  positive  in  sign,  and  the  stars  which  bal- 
ance them  as  to  the  sign  of  this  co-efficient  do  not  as  to  the  form  of  the 
pivots.  In  other  words,  a  combination  of  stars  below  and  above  pole  would 
give  the  clock  correction  with  a  large  probable  error  and  with  a  danger  of 
constant  error,  while  a  combination  of  stars  below  pole  with  those  at  cor- 
responding south  zenith  distances  would  be  far  less  advantageous,  owing 
to  the  identity  of  sign  in  the  azimuth  co-efficient,  and  its  greater  magni- 
tude for  the  southern  stars,  than  a  combination  of  stars  above  pole  on  the 
north  side  with  the  ordinary  northern  time-stars. 

When  the  least  square  reduction  is  made,  the  theoretical  test  of  a  good 
combination  is  obtained  by  Jacobi's  theorem,  which  I  quote  below;  the 
practical  test  by  the  quotient. 

Weight  of  clock-correction. 
Number  of  transits 

which  should  approach  the  weight  of  one  transit  of  a  zenith  star:  Practi- 
cally I  usually  employ  the  following  formula  for  the  weight  or  of  one  com- 
plete transit  (on  5  or  more  wires,  or  7  or  more,  according  to  the  way  the 
diaphragm  is  arranged). 

1.3 


w  = 


1  4-  0.3  Sec.^d^ 


For  latitude  42*  42'  5,  this  gives  the  weight  of  a  zenith  star  equal  to 
0.836;  in  general  it  is  easy  so  to  arrange  the  groups  that  the  weight  of  the 
clock  correction  from  1§  stars  shall  be  7  at  least;  but  where  lower  culmina- 
tions and  southern  stars  are  freely  employed  this  number  frequently  is  re- 
duced to  5  or  less.  That  is  to  say,  10  stars  well  arranged  give  as  good  a 
clock  correction  as  14  ill  arranged;  and  waste  of  time  spent  in  computation 
is  thus  avoided.  The  few  extra  minutes  lost  in  observations  are  usually  of 
less  account;  and  are  perhaps  compensated  by  the  greater  pains  necessary 
beforehand.    In  order  to  modify  the  weight-formula  to  advantage  more 
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observations  are  needed,  which  I  intend  to  make  with  a  portable  instru- 
ment now  constructing  for  Williams  College  Observatory;  the  field  observa- 
tions have  confirmed  it  with  sufficient  certainty  for  my  purposes.  For  in 
my  least  square  reductions  I  have  pursued  the  course  so  strongly  recom- 
mended by  Gauss  (Astr.  Nachrichten  v.  5,  cols.  227  following;  Methode  des 
moindres  carr6s,  memoires  traduits  par  J.  Bertrand,  p.  163)  of  determining 
in  advance  approximate  valu^  of  the  unknowns,  and  using  the  least 
squares  only  to  find  minute  corrections.  And  the  following  are  the  results 
for  the  clock-corrections  of  the  dates  in  the  Ogden  campaign,  as  published  in 
the  Report  before  alluded  to: 


Date. 

Correction  to 
provisional  result. 

Date. 

Correction  to 
provisional  result. 

Aug.  12 

19 

21 

26 

28 

Sept.    5 

7 

8 

10 

11 

12 

13 

17 

8. 

-0.008 
-0.021 
-0.003 
-0.010 
-0.006 
4-0.016 
4-0.010 
0.000 
-0.010 
4-0.017 
4-0.009 
4-0.010 
-0.031 

Sept.  20 

21 

22 

26 

27 

30 

Oct.    1 

3 

5 

6 

7 

8 

10 

8. 

4-0.001 

-0.020 

4-0.001 

-fO.OOl 
-0.008 
4-0.011 
-0.002 
-0.009 
-0.005 
-0.005 
-0.003 
-0.013 
-0.007 

The  total  eflFect  upon  the  longitudes  of  the  application  of  least  squares, 
consists  in  the  differences  of  their  corrections  for  the  stations.  The  ob- 
servors  at  the  corresponding  stations  in  this  campaign  had  worse  instru- 
ments than  I,  and  were  not  so  scrupulous  in  arranging  their  star  lists;  so 
that  tlye  corresponding  corrections  came  out  rather  larger.  Their  time 
determinations  did  not  suffer  sensibly  from  this  cause,  however;  as  both 
were  experienced  observers.  The  average  without  regard  to  sign  of  the 
26  numbers  given  above  —  each  of  which,  with  trifling  exceptions  is  the 
result  of  two  groups  of  stars  —  is  0.^0091:  and  the  probable  error  of  one 
preliminary  solution  ±0."  0077;  or  for  a  single  group  of  10  stars  ±0.  "Oil. 

It  is  evident,  then,  that  if  the  weights  are  assigned  by  my  formula  with 
approximate  corrections  —  so,  for  instance  as  to  make  sufficient  distinction 
between  a  very  slow-moving  and  a  quiet-moving  star  —  there  need  be  no 
fear  that  it  is  not  correct  enough.  The  objections  to  the  old  process  of 
giving  all  stars  a  weight  unity  is  that  the  polars  of  high  declination  domin- 
ate too  much  in  azimuth;  this  process  is  about  equivalent  to  leaving  out  the 
quicker-moving  stars  north  of  65°  altogether. 

Another  practice  which  is  quite  common  is  altogether  meaningless. 
When  the  weights  are  approximately  correct  there  is  no  necessity  of  omit- 
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ting  the  polar  stars  in  arranging  the  final  table  of  clock  corrections.  Each 
star,  quick-or  slow-moving,  should  go  in,  with  its  proper  weight  to  the 
clock-correction  The  method  of  least  squares  gives,  namely:  the  moat 
probable  values  of  all  the  unknowns;  and  a  more  probable  one  than  this 
cannot  be  obtained  in  any  other  way,  unless  the  original  system  of  weights 
be  altered.  But  this  would  involve  a  contradiction;  the  weight,  according 
to  definition,  refers  not  to  the  use  to  be  made  of  che  observation,  but  to  the 
measure  of  its  precision.  The  following  example  taken  from  my  work  on 
the  longitude  campaign  of  1878  will  illustrate  several  points  of  this  paper. 
The  observer  at  Fort  Bliss  (latitude  31**  45)  frequently  inserted  stars 
subpole  in  his  determinations.  As  a  consequence  the  weight  of  the  final 
time  determination  was  less,  proportionately,  than  it  otherwise  would  have 
been;  for  a  zenith  star  my  formula  would  give 


1.8 


l  +  0.zsec«3r45' 


1.415 


=  0.919 


But  the  group  after  signals  on  September  8th  contains  11  stars,  g''ving  a 
final  weight  of  6.92;  or  about  that  of  8  or  9  stars  nearer  the  zenith;  two 
stars  are  below  pole,  and  therefore  less  advantageous.  The  results  of  the 
individual  stars  (those  north  of  65"  are  marked  with  an  asterisk;  these  are 
now  between  45"*  and  65")  are  as  follows: 


6 

r 


C 
A 


a 


Aquarii 

Aquarii 

Aquarii 

Draconis  9  H.  sp. 
Groomb.  8834.... 

Pegasi 

Pegasi ., 

Cephei 

Bradley  1508  sp. . 

Andromedae 

Pegasi 


Clock  Corr. 


m 
— 1 
— 1 
— 1 
— 1 
— 1 
— 1 
— 1 
— 1 
— 1 
— 1 
— 1 


s 
24.79 
24.89 
24.82 
25.28* 
25.39* 
24.75 
24.88 
25.07* 
25.37* 
25.09 
24.  V4 


Clamp. 


W 

W 

W 

W 

W 

W 

E 

E 

E 

E 

E 


The  least  square  solution  gives  the  mean  clock-correction  —1'  24'.  888, 
but  this  includes,  with  their  proper  weight,  the  stars  marked  with  an  as- 
terisk. If  we  omit  these,  and  give  all  others  a  weight  unity  we  shall  have 
— 1'  24'.844,  or  -f0'.044  more.  But  it  is  plain  from  least  square  solution  that 
some  cause  affects  the  observations  north  of  the  zenith,  probably  wear  of 
pivots  ';  and  the  mean  of  the  6  stars  south  of  the  zenith  gives  —1'  24*. 808; 


>  This  is  confirmed  by  the  other  dates  when  the  same  instrwnent  was  employed. 
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the  three  north  of  the  zenith  and  above  pole  —1'  25*.  183;  and  the  zenith 
distances  are  nearly  equal  for  these  two  groups.  It  is  plain  from  this  that 
the  least  square  value  —1'  24*. 888  is  probably  nearer  correct  than  the 
greater  (algebraic)  value  —1'  24*. 803;  as  it  ought  to  be.  In  other  words, 
the  exclusion  from  the  final  clock  corrections  of  the  quick  moving  polar 
stars  renders  the  elimination  of  pivot  error  very  questionable;  as,  in  fact, 
does  the  employment  of  groups  not  sufliciently  well-balanced. 

The  simpler  method  of  reduction,  which  gives  the  instrumental  correc- 
tions separately,  without  least  squares,  really  assigns  to  the  polar  stars  their 
proper  weight;  especially  if  they  are  all  observed  at  upper  culmination,  as 
the  Grerman  instructions  recommend.  For  in  this  case  the  final  clock  cor- 
rections from  each  time  star  are  actually  reduced  by  interpolation  to  the 
zenith,  as  may  be  seen  by  using  Dr.  Braun's  graphical  method  given  in 
vol.  109  (No.  2595)  of  the  Astronomische  Nachrichten.  So  that  in  the  pre- 
vious example  it  is  not  surprising  that  the  prehminary  solution  gave  a 
value  (1'  24\90)  very  nearly  equal  to  the  final  result.  Nor  is  it  very  plain 
that  the  least  square  method  is  absolutely  indispensable;  I  have  employed 
it  in  my  reductions  without  objection,  although  I  have  never  known  a  case 
in  which  it  materially  aided  in  producing  a  better  agreement  in  the  result- 
ing longitude.  The  cjiief  argument  in  its  favor  here  is  that  it  renders  it 
unnecessary  to  restrict  the  selection  of  stars  to  a  narrow  range,  while  it  re- 
moves the  arbitrary  character  of  the  reductions  when  this  restriction  has 
not  been  carried  into  effect.  The  chief  objection  to  the  method  of  least 
squares  is  that  observers  who  are  not  both  experienced  and  careful  some- 
times permit  a  blind  faitli  in  it  to  mislead  them  in  preparing  their  working 
lists;  and  forget  the  necessity  of  making  observations  enough  and  of  the 
right  quality,  which  is  no  less  when  least  squares  are  used  in  reductions 
than  at  any  other  time. 

Jacobi's  theorem  is  in  substance  the  following;  and  bears  directly  upon 
the  point  in  question: 

In  order  to  obtain  the  least  square  result  for  any  unknown  of  m  eciuations 
with  a  less  number  of  unknowns,  we  solve  all  possible  combinations  n  by  n 
of  the  m  equations,  and  multiply  each  such  result  for  this  unknown  by  the 

* 

square  of  the  corresponding  determinant.  We  add  all  these  products  to- 
gether and  divide  their  sum  by  the  sum  of  the  scjuares  of  the  determinant 
factors;  the  quotient  will  be  the  least  sijuare  result  sought  for  J 
.  To  a  least  square  result,  then,  unfavorable  combinations  furnish  small 
contributions  relatively  to  favorable  ones;  and  if  the  favorable  ones  cannot 
be  made,  the  unfavorable  ones  are  better  than  nothing.  Stars  below  jwle 
are  the  proj^er  ones  to  employ  in  combination  vith  those  above,  when  the 
azimuth  is  the  unknowTi  most  needed,  as  in  setting  up  a  meridian  mark; 
but  for  time-determinations  proper  the  best  combination  is  tliat  of  polars 
above  pole  with  time-stars  at  nearly  equal  zenith  distances  on  the  other  side. 

*  Jacobi,  De  Fonnatione  et  Proprietatibus  Determinantium:  Crelle's  Journal. 
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I  have  annexed  to  this  paper,  a  table  for  Ogden  observatory,  latitude 
41'  13'  8'. 6,  which  is  calculated  according  to  the  formula. 

1.3 
P— l  +  0.38ec«(5 

8in(<p— 5) 
A  = 


C  = 


cos  6 
1 


cos  S 


The  columns  p,  C  p,  C  ,  p  hold  good  for  any  station;  the  values  of  A  p, 
A  j,  p,  A  C  p  must  be  recalculated  for  eveiy  new  latitiide.  But  I  have  not 
omitted  them,  as  their  values  will  serve  as  a  control  for  a  good  many 
places  near  the  same  parallel.  The  numbers  are  given  to  four  decimals,  to 
enable  the  computer  to  interpolate  readily  to  three. 

The  52  nights  out  of  78  upon  which  signals  were  not  exchanged  at 
Ogden,  afforded  an  excellent  opportunity  for  the  criticism  of  the  instru- 
ment. A  peculiarity  of  much  far  western  longitude  work  is  that  the  tele- 
graph hues  are  in  bad  order  much  of  the  time,  and  do  not  afford  oppor- 
tunities for  long  exchanges.  On  some  nights  of  the  exchanges  with  Fort 
Bliss  (Texas),  it  was  impossible  to  get  a  circuit  through  on  the  more  direct 
route,  by  way  of  Cheyenne,  Denver,  and  Santa  Fe,  and  recourse  was  had 
to  a  line  of  2,000  miles  in  length  via  San  Francisco,  Southern  California, 
and  Arizona.  The  time  expended  while  waiting  is,  under  such  circum- 
stances, best  applied  to  the  study  of  the  peculiarities  of  the  instnmaent. 

In  conclusion,  I  will  indicate  the  principal  points  of  this  paper  as  a  sum- 
mary of  directions  for  the  determination  of  time  in  latitudes  25**  to  49**. 

1.  A  group  of  time-stars  shotdd  contain  about  10  stars  in  all,  with  one 
reversal. 

2.  It  should  contain  no  more  than  two  or  three  polars;  one  of  which 
may  be  within  10  degrees  of  the  pole. 

3.  Stars  north  of  the  zenith,  not  polars,  should  be  included;  and  may 
take  the  place  of  polars  to  some  extent. 

4.  Lower  culminations  should  in  general  be  avoided;  and  time-stars  far 
south  of  the  zenith. 

5.  The  stars  of  a  group  should  so  balance  at  the  zenith  that  the  co-effi- 
cient of  azimuth  and  collination  in  the  normal  equation  for  clock-correc- 
tion should  be  very  smaU,  and  the  weight  of  the  clock-correction  large  in 
proportion  to  the  number  of  stars. 

6.  With  proper  blank  forms  the  preliminary  reduction  without  least 
squares  can  be  very  simply  effected,  and  this  should  always  be  done. 

7.  The  least  square  deduction  is  of  little  benefit  except  in  removing  the 
effect  of  any  arbitrary  assumptions  in  the  previous  process;  and  should  be 


200        Wisconsin  Academy  of  Sciences,  Arts  and  Letters. 

employed  only  for  the  signal-nights,  or  other  times  when  the  last  degree 
of  precision  is  required. 

8.  In  making  the  least  square  reductions  the  weights  at  different  declina- 
tions should  be  combined  with  the  coefficients  for  azimuth  and  collination; 
and  the  unknowns  should  be  in  the  form  of  corrections  to  the  values  derived 
from  the  preliminary  reduction. 

Jacobi's  Theorem. 

Note. —  [I  give  this  in  the  original  Latin,  as  it  is  very  important,  and 
Beems  not  to  be  well  known  to  mathematicians.] 
Proponantur  aequationes: 

ax+a'x,4-a'x3 -i-a^^^x^^  =1 

ajx+a'jx.-fa'j  x^ 4-a,(°)  x^  =1^ 

a^  x+a'    x^-fa*    x,.  4-a„  '    x^  =1 

p'pl'p»  'pnp 

Quarum  numerus  incognitarum  numerum  excedat;  e  quohbet  systemate 
n-|-l  aequationimi  praecedentium  valor  incognitae  eruatur  atque  per  quad- 
ratum  Determinantis  eius  systematis,  RR,  multiplicetur;  quibus  factis  pro 
singulis  aequationum  propositarum  combinationis  omnium  illorum  produc- 
torum  summa  per  sum  mam  omnium  RR  dividatur:  eruitur  incognitae 
valor  idem  atque  invenitur,  si  aequationes  propositae  per  Methodum  Min- 
imorum  Quadratorum  tractantur." 

Observandum  est,  valores  omnium  incognitorum  qui  ex  eadem  aequa- 
tionum propositarum  combinatione  proveniant  secundum  Prop,  praec.  i>er 
eandem  quantitatem  RR  multiplicare,  quam  ideo  in  applicationibus  ad 
Methodum  Minimorum  Quadratorum  convenit  appellare  Pondus  Com- 
hinationtSy  a  pondore  valoris  incognitae  bene  distinguendum. 

The  theorem  is  thus  given  in  Crelle,  vol.  22,  p.  316;  it  is  also  given  inde- 
pendently by  Mr.  J.  W.  L.  Glaisher  in  Vol.  40,  of  the  Monthly  Notices,  p. 
«07. 
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SQUARES  AND   PRODUCTS   OF   LEAST  SQUARE   CO-EFFICIENTS 

FOR  TIME  — Ogden. 


1 

P 

Ap 

Cp 

A,p 

ACp 

C,p 

0* 

1.0000 

+  .6589 

+  1.0000 

.4342 

+  .6589 

1.0000 

- 

-  1 

131 

+  1 

- 

-173 

- 

-130 

+  S 

1 

.9999 

.6458 

1.0001 

.4170 

.6459 

1.0002 

3 

133 

2 

168 

180 

Mr 
t 

2 

.9997 

.6325 

1.0003 

.4002 

.6329 

1.0009 

8 

134 

4 

166 

129 

13 

3 

.9994 

.6191 

1.O0O7 

.3836 

.6200 

1.0021 

6 

131 

6 

164 

129 

16 

4 

.9989 

.6057 

1.0013 

.3672 

.6071 

1.0037 

7 

136 

8 

160 

127 

22 

5 

.9982 

.5921 

■ 

1.0021 

.3512 

.5944 

1.0059 

7 

187 

9 

158 

128 

26 

6 

.9975 

.5784 

1.0030 

.3354 

.5816 

1.0085 

10 

138 

10 

155 

127 

81 

7 

.9965 

.5646 

1.0040 

.8199 

.5689 

1.0116 

10 

139 

13 

153 

138 

85 

8 

.9955 

.5507 

1.0052 

.3047 

.5561 

1.0151 

11 

140 

14 

148 

13r 

41 

9 

.9942 

.5367 

1.0066 

.2897 

.5434 

1.0192 

13 

141 

16 

147 

138 

48 

10 

.9929 

.5226 

1.0082 

.27»0 

.5306 

1.0240 

15 

143 

17 

144 

128 

48 

11 

.9914 

.5083 

1.0099 

.2606 

.5178 

1.0288 

17 

144 

19 

141 

139 

56 

12 

.9897 

.4939 

1.0118 

.2465 

.5049 

1.0344 

19 

145 

20 

139 

139 

61 

18 

.9878 

.4794 

1.0138 

.2326 

.4920 

1.0405 

19 

147 

22 

135 

130 

67 

14 

.9859 

.4647 

1.0160 

.2191 

.4790 

1.0472 

22 

148 

34 

133 

133 

71 

15 

.9837 

.4499 

1.0184 

.2058 

.4658 

1.0543 

23 

149 

25 

18« 

133 

78 

16 

.9814 

.4350 

1.0209 

.1928 

.4525 

1.0621 

25 

151 

37 

137 

184 

83 

17 

.9789 

.4199 

1.0236 

.1801 

.4391 

1.0704 

27 

153 

39 

133 

136 

89 

18 

.9762 

.4046 

1.0265 

.1678 

.4255 

1.0793 

28 

153 

30 

131 

138 

95 

19 

.9734 

.3893 

1.0295 

.  1557 

.4117 

1.0888 

81 

156 

31 

117 

140 

101 

20 

.9703 

33 

.3737 

157 

1.0326 

33 

.1440 

115 

.3977 

143 

1.0989 

107 

21 

.9671 

84 

.3580 

159 

1.0359 

35 

.1325 

110 

.3835 

145 

1.1096 

114 

22 

.9637 

.3421 

1.0394 

.1215 

.3690 

1.1210 

86 

160 

36 

107 

147 

121 

28 

.9601 

.3261 

1.0430 

.1108 

.3543 

1.1831 

88 

162 

38 

104 

151 

127 

24 

.9563 

.3099 

1.0468 

.1004 

.3392 

1.1458 

41 

164 

89 

100 

154 

18i 

25 

.9522 

.2935 

1.0507 

.0904 

.3238 

1.1593 

42 

166 

40 

95 

157 

143 

26 

.9480 

45 

.2769 

168 

1.0547 

43 

.0809 

93 

.3081 

163 

1.1735 

149 

27 

.9435 

.2601 

1.0589 

.0717 

.2919 

1.1884 

47 

170 

43 

87 

165 

158 

28 

.9388 

60 

.2431 

171 

1.0632 

45 

.0630 

83 

.2754 

170 

1.2042 

166 

29 

.9338 

.2260 

1.0677 

.0547 

.2584 

1.2207 

52 

174 

45 

79 

175 

174 
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SQUARES  AND  PRODUCTS  OF  LEAST  SQUARE  CO-EFFICIENTS 

FOR  TIME  —  OODEN. 


• 

P 

Ap 

Cp 

A,p 

ACp 

C.p 

30 

.9286 

.2086 

1.0722 

.0468 

1 

.2409 

1.2381 

55 

175 

47 

72 

180 

188 

31 

.9231 

.1911 

1.0769 

.0396 

.2229 

1.2564 

58 

178 

48 

68 

185 

191 

32 

.9173 

.1733 

1.0817 

.0328 

• 

.2044 

1.2755 

60 

180 

49 

63 

192 

aoi 

33 

.9113 

.1553 

1.0866 

.0265 

.1852 

1.2956 

C3 

182 

50 

57 

197 

211 

34 

.9050 

.1371 

1.0916 

.0208 

.1655 

1.3167 

66 

188 

51 

. 

51 

205 

221 

35 

.8984 

.1188 

1.0967 

.0157 

.1450 

1.3388 

70 

186 

62 

43 

211 

232 

36 

.8914 

.1002 

1.1019 

.0114 

.1239 

1.3620 

73 

188 

52 

89 

219 

242 

37 

.8841 

.0914 

1.1071 

.0075 

.1020 

1.3862 

76 

189 

52 

31 

227 

254 

88 

.8765 

.0625 

1.1123 

.0044 

.0793 

1.4116 

79 

192 

53 

23 

236 

265 

39 

.8686 

.0433 

1.1176 

.0021 

.0557 

1.4381 

U 

194 

53 

17 

245 

+  278 

40 

.8602 

.0239 

1 . 1229 

+  .0007 

.0312 

1.4659 

40- 

.8602 

+  .0239 

+  1.1229 

• 
.0006 

+  .0312 

1.4659 

—87 

-196 

+  54 

—  6 

— 

225 

+  291 

41 

.8515 

+  .0043 

1.1283 

.0000 

+  .0057 

1.4950 

91 

197 

53 

+  3 

265 

804 

42 

.8424 

—.0154 

1.1336 

.3003 

—.0208 

1.5254 

95 

200 

58 

12 

276 

317 

43 

.8329 

.0354 

1.1388 

.0015 

.0484 

1.5571 

100 

201 

52 

22 

288 

332 

44 

.8229 

.0555 

1.1440 

.0037 

.0772 

1 . 5903 

lOJ 

203 

50 

34 

300 

347 

45 

.8125 

.0758 

1.1490 

.0071 

.1072 

1 . 6250 

109 

204 

50 

44 

312 

362 

46 

.8016 

.0962 

1.1540 

.0115 

.1384 

1.6612 

113 

205 

48 

57 

327 

379 

47 

.7903 

.1167 

1.1588 

.0172 

.1711 

1.6991 

119 

207 

45 

71 

a48 

395 

48 

.7784 

.1374 

1.1633 

.0243 

.2053 

1.7386 

123 

207 

44 

8:i 

357 

412 

49 

.7661 

.1581 

1.1677 

.0326 

.2410 

1.7798 

129 

208 

40 

99 

37'3 

4:^0 

50 

.7532 

.1789 

1.1717 
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SQUARES  AND  PRODUCTS  OF  LEAST  SQUARE  CO-EFFICIENTS 

FOR  TIME  —  Ogden. 
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SQUARES  AND  PRODUCTS  OF  LEAST  SQUARE  COEFFICIENTS 

FOR  TIME  —  OoDEN. 
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THE  SO-CALLED   KLEPHANT  MOUND  IN  GRANT  COUNTY, 
AND  EFFIGIES  IN  THE  REGION  SURROUNDING  IT. 


By  Rev.  S.  D.  PEET. 
The  survey  of  the  mounds  in  the  neigbborhood  of  the  so-called  elephant 
effigr,  which  was  undertaken  under  the  auspices  of  the  Wisconsin  Academy 
of  Arts,  has  not,  for  TariouB  reasons,  been  reported  until  now.  The  survey 
was  conducted  by  the  writer  mainly  duringthe  year  1885,  but  a  trip  previous 
to  that  in  1882,  and  subsequent  to  it  in  1886,  are  to  be  taken  into  the  account. 
It  is  v(  ry  fortunate  that  the  Society  recommended  Ihia  survey  at  the  time 
that  it  did,  as  many  of  the  mounds  then  in  a  good  state  of  preservation,  have 
been  destroyed  since.  A  railroad  haa  been  built  along  the  valley  of  the 
Mississippi  and  the  track  has  been  laid  in  the  very  midst  of  the  mounds 
that  wer^  Burveyed.    Before  giving  a  description  ot  the  survey  we  propose 


FlK.   1, 

to  give  a  history  of  this  effigy.  The  discovery  of  the  elephant  effigy  was 
made  by  Mr.  Jared  Warner,  of  Patch  Qrove,  Grant  County,  and  the  account 
waa  first  published  in  the  Smithsonian  report  of  1872,  with  a  cut,  an  elec- 
trotype. (See  Fig.  I).  Mr.  Warner  says  "  this  effigy  was  situated  on 
the  high  sandy  bottom  lands  of  the  Mississippi,  on  the  east  side,  about  eight 
miles  below  the  mouth  of  the  Wisconsin  river.     There   are  on  each  side  of 
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the  mound,  some  fifteen  or  twenty  rods  distant,  sandy,  grassy  ridges,  some 
fifteen  feet  higher  than  the  land  about  the  mound;  the  mound  is,  therefore 
in  a  shallow  valley,  sloping  gently  to  the  Mississippi  river,  and  only  about 
eight  feet  above  high  water.  Its  total  length  is  135  feet;  from  hind  feet  to 
back,  sixty  feet;  from  fore  feet  to  back,  sixty-six  feet;  width  across  fore 
legs,  twenty-one  feet;  across  hind  legs,  twenty-four  feet;  space  between 
hind  and  fore  legs,  fifty-one  feet;  from  end  of  proboscis  to  fore  legs,  thirty- 
nine  feet;  across  the  body,  tliirty-six  feet;  general  height  of  body  above  sur- 
rounding groimd,  five  feet.  The  head  is  large,  and  the  proportions  of  the 
whole  so  symmetrical  that  the  mound  well  deserres  the  name  of  the  *'  Big 
Elephant  Mound."  Next  to  Mr.  Warner  was  Mr.  Moses  Strong,  who  pul>- 
lished  an  account  of  the  eflflgy  and  the  mounds  sun'ounding  it  in  the  Smith- 
sonian Report  for  1876.  Mr.  Strong  was  at  the  time  connected  with  the 
Geological  survey  of  the  state,  and  took  in  the  exploration  of  the  mounds 
incidentally.  He  describes  a  group  of  mounds  on  the  l^iississippi  bottom 
situated  on  Sec.  17,  N.  E.  quarter  Tp.  5,  R.  6  W.  [Tlie  effigy  is  on  Sec.  21], 
Mr.  Strong  says,  "  following  the  course  of  the  Mississippi  about  a  quarter 
of  a  mile  southeast  of  the  preceding  locaUty,  numerous  long  mounds  are 
seen  arranged  in  several  rows  parallel  to  each  other  and  to  the  river.  They 
are  situated  in  the  cultivated  fields  and  are  nearly  obliterated.  At  the  time 
these  localities  were  visited  the  valley  was  covered  by  a  crop  of  standing 
com  which  rendered  it  difficult  to  find  them;  and  it  is  probable  that  many 
exist  which  were  not  noticed.  No  circular  or  effigy  mounds  were  found  in 
connection  with  them.  Continuing  down  the  valley  we  come  to  a  group 
in  which  the  three  kinds  of  mounds  are  well  represented.  They  lie  upon 
the  alluvial  bottom  quite  near  a  bayou  of  the  Mississippi  and  none  of  them 
are  more  than  eight  feet  above  higli  water  mark,  while  those  in  the  south- 
em  jjart  of  the  group  are  not  more  than  three  feet.  In  this  group  where 
all  kinds  are  represented,  there  seems  to  be  a  separation  of  the  long  and 
round  mounds  from  each  other.  There  is  nothing  of  peculiar  interest  in 
the  occurrence  of  the  long  and  circular  mounds,  but  we  have  here  two  quite 
singular  effigies.  The  central  one  of  the  group  is  evidently  intended  to 
represent  a  bird  with  the  wings  spread  in  the  act  of  flying;  the  head  is  di- 
rected to  the  south.  The  wings  measure  ninety-four  feet  each  way  from 
the  center  of  the  body  to  their  extremities,  and  tlie  length  of  the  tail  is 
sixty-five  feet.  It  is  quite  a  large  and  well-formed  effigy  and  is  different 
from  the  other  bird  mounds  in  liaving  an  angle  in  the  wings.  Situated  at 
the  northern  end  of  the  group  is  the  most  interesting  effigy  mound  any 
where  observed.  A  description  of  it  by  Mr.  Warner,  of  Patch  Grove,  was 
pubUshed  in  the  Smithsonian  Report  of  1872,  page  416.  It  is  known  as  the 
**  Elepliant  Mound,"  and  as  it  hes  upon  the  ground  it  resembles  an  elephant 
or  mastodon,  much  more  closely  than  any  other  animal,  and  the  resemb- 
lance is  much  more  perfect  in  this  instance  than  in  other  effigies.  Tliis 
mound,  in  common  with  all  the  rest  in  the  gioup,  has  been  under  cultiva- 
tion; and  on  account  of  its  size,  special  efforts  have  been  made  with  plows 
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and  scrapers,  to  bring  it  to  the  level  of  the  adjacent  field.  Its  size  alone 
has  protected  it.  These  efforts  have  resulted  in  diminishing  its  height,  in- 
creasing its  width  and  general  circumference,  and  rendering  its  outline 
somewhat  indistinct  so  that  it  was  difficult  to  make  exact  measurements." 

The  writer  first  visited  the  effigy  six  years  after  Mr.  Strong  made  his  re- 
port. It  was  then  nearly  obliterated.  Subsequent  to  this  first  visit  the  em- 
ployes of  the  Ethnological  Bureau  suryeyed  some  groups  of  mounds  and 
effigies  on  the  bluffs,  three  miles  north  of  the  effigy,  but  their  report  has 
not  yet  been  published.  Subsequent  to  their  survey,  Mr.  Brown,  a  student 
in  Wisconsin  University,  and  an  assistant  of  Prof.  Conover,  of  Madison, 
Wis.,  was  employed  to  make  measurements  of  the  mound,  so  that  a  cast 
might  be  made  of  it  and  put  on  exhibition  with  the  Smithsonian  rehcs,  at 
the  New  Orleans  Exposition,  during  1885.  The  exploration  of  the  writer 
under  the  auspices  of  the  Society  was  subsequent  to  all  these.  It  embraced 
not  only  tke  so-called  elephant  effigy,  but  all  the  mounds  in  the  vicinity. 
The  mound  was  again  measured,  making  the  fourth  actual  survey. 

The  following  is  the  result  of  the  personal  examination  of  the  mound 
at  this  time:  When  the  the  writer  visited  the  locality  in  1885,  only 
two  mounds  out  of  the  whole  group  were  left,  one  which  is  de- 
scribed  as  the  bird  effigy,  the  other  known  as  the  elephant  mound.  Both 
of  these  had  been  nearly  plowed  down,  but  owing  to  peculiar  cir- 
cumstances were  plainly  visible.  During  the  spring  preceding  the  visit, 
the  water  from  the  bayou  had  set  back  into  the  swail  and  remained 
standing  upon  the  low  ground,  but  did  not  quite  reach  to  the  smnmit  of  the 
effigies.  There  was  at  the  time  a  growth  of  clover  upon  the  soil,  but  this  was 
drowned  out  by  the  flood  except  where  the  effigies  stood.  As  a  result  the  effi- 
gies were  covered  with  the  clover,  but  the  surrounding  ground  was  either 
bare  or  had  a  slight  covering  of  grass  upon  it.  Standing  upon  the  summit  of 
the  hill  or  ridge  adjoining,  we  were  able  to  look  down  upon  the  swail  and 
see  the  outlines  of  the  ivio  effigies,  the  dark  color  of  the  clover  contrasting 
with  the  light  shade  of  the  grass.  The  shapes  of  the  two  effigies  were  easily 
made  out.  The  bird  had  its  head  toward  the  southwest,  its  wings  extend- 
ing across  the  swail,  nearly  reaching  the  foot  of  the  sand  ridges.  The  so- 
called  elephant  effigy  had  its  head  in  the  same  direction,  to  the  southwest, 
but  its  body  was  lengthwise  of  the  swail,  its  heavy  legs  extending  toward 
the  southeast.  The  two  effigies  were  in  contrast,  as  the  bird  had  long,  nar- 
row wings,  small  body  and  neck,  while  the  animal  had  a  broad,  heavy 
body,almost  square  in  shape,  with  its  legs  unusually  wide  and  clumsy.  On 
approaching  nearer  the  outlines  of  the  effigy  were  not  so  distinct  as  when 
at  a  distance,  though  the  clover  seemed  to  give  it  an  elevation.  The  real 
mound  was  but  slightly  raised  above  the  surrounding  surface  and  there 
were  no  sharp  lines  to  the  effigy. 

The  measurement  of  the  mound  was  very  unsatisfactory  on  account  of 
the  condition  in  which  it  was.  The  figures  would  not  represent  the  mound 
as  it  was  when  first  seen,  and  would  be  very  unreliable  as  there  were  no 
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points  from  which  to  begin  or  end  the  measurement.  One  thing  was  notice- 
able, however,  to  the  eye  and  confirmed  by  measurements.  There  was  no 
proboscis  to  the  figure.  The  point  which  extended  from  the  nose  wa^  in- 
distinct and  appeared  to  be  the  result  of  the  washing  of  the  sandy 
soil  down  to  the  level.  It  was  evident  that  that  which  was  taken  for  the 
proboscis  was  never  long  enough  or  wide  enough  to  properly  represent  that 
part.  The  writer  has  had  considerable  experience  in  tracing  out  moimds 
which  were  nearly  obliterated  and  ordinarily  would  be  able  to  describe  the 
figure  from  what  might  be  called  the  shadow  of  it.  The  peculiar  color  of 
the  soil,  which  originally  belonged  to  the  figure,  and  the  indescribable 
shading  of  this  soil  into  the  imdisturbed  surface  of  the  soil  or  ground  sur- 
rounding it,  will  ordinarily  give  the  figure  to  the  eye,  even  if  the  measure- 
ments should  be  luisatisfactory.  Tlie  impression  formed  by  this  effigy,  and 
especially  the  part  of  it  which  is  the  distinctive  and  deciding  point  was 
that  the  proboscis  was  never  there.    The  writer  hesitates  to  put  himself  on 
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record  as  contradicting  such  reliable  persons  as  have  given  a  description  of 
the  effigy  to  the  public.  There  is  tliis,  however,  to  be  considered.  If  the 
engraved  figure  which  was  made  according  to  a  scale  from  the  measure- 
ments of  Jared  Warner,  and  those  accompanying  him,  should  be  taken,  and 
the  narrow,  pointed  snout  left  off  from  the  figure  as  uncertain,  we  should 
have  an  effigy  which  bears  very  httle  resemblance  to  the  elephant.  (See 
Fig.  2.)  On  the  other  hand,  if  any  one  undertakes  to  draw  the  figure  so 
that  it  shall  have  the  trunk  in  its  usual  place  and  shape  he  would  have  to 
completely  overdraw  and  distort  the  figure,  as  it  is  now.  This  view  led  the 
writer,  at  his  first  visit,  to  doubt  the  intent  of  the  effigy,  and  every  other 
visit  has  increased  the  doubt.  The  examination  of  the  effigy  itself  proved 
so  unsatisfactory  that  the  writer  determined  to  study  and  survey  the  groups 
adjoining,  and  therefore  a  description  of  these  groups  is  added  to  the  re- 
port. It  should  be  said  that  the  study  was  given  first  to  the  groups  on  the 
bottom-lands,  then  extended  to  the  bluffs,  and  afterward  the  whole  region 
was  traversed  and  examined,  luitil  all  the  groups  in  the  vicinity  were  ex- 
plored.   These  will  be  given  in  their  order. 
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We  call  attention  to  the  mounds  in  the  immediate  vicinitj  of  the 
so-called  elephant  efflgy.  Ttie  writer  traveraed  the  region  in  a  reretBe 
order  or  direction  from  that  which  Mr.  Strong  puraued,  but  wae  able  to 
identify  some  ot  the  groups  which  he  mentions.  There  were  no  effigies  in 
the  Ticinitj,  except  two,  which  were  very  nearly  obliterated. 


There  were  several  groups  in  the  Bw<iils  which  cut  through  the  bottoui 
land  in  tbia  vicinity,  and  to  these  we  first  gave  our  attention.  The  swails 
are  the  dry  beds  o(  water  courses,  which  in  the  time  of  heavy  rains,  flow 
out  from  gorges  or  so-called  "  coolies  "  in  the  bluff  toward  the  bayous  of 
the  river.  These  Bwails  are  generally  in  a  direct  line  with  the  openings  in 
the  bluffs,  and  extend  from  the  foot  of  the  blufla  across  the  sandy  bottom 
land  or  terrace  to  the  bayous.  They  are  so  much  below  the  surface  that 
the  mounds  in  them  are  not  seen  until  one  suddenly  comes  upon  them  as 
be  reaches  the  edge  of  the  swail.  The  ewail  in  which  theso-called  elephant 
mound  was  placed  was  not  exactly  in  a  line  with  the  rest  but  angles  to  the 
southwest,  and  where  the  effigy  is,  was  much  deeper  than  the  other 
swails.  The  method  of  arranging  these  mounds  in  the  swails  was  pecu- 
liar. They  were  placed  in  parallel  rows  which  extended  lengthwise  of  the 
swail,  sometimes  three  or  four  rows  in  each  swail  an!  in  some  of  the  swails 
as  many  as  thirty  or  forty  mounds  in  a  group.  Four  such  groups  were 
discovered  by  the  writer  in  passing  from  the  elephant  mound,  northward, 
the  most  of  them  composed  of  alternate  rows  of  long  mounds  and  round 
mounds,  arranged  in  parallel  lines.  There  were-noetSgies  in  the  swails, 
merely  round  and  long  mounds.  The  only  place  where  effigies  were  dis- 
covered was  on  the  terrace  or  bottom  land  outside  of  a  swail  about  a  mile 
north  from  the  elephint  efH  jy,  on  what  wa?  cilled  thi  Bigley  place.  These 
effigies  were  nearly  obliterated  but  seemed  to  have  been  very  large  in  size, 
and  possibly  one  or  two  of  them  may  have  resembled  in  shape  the  effigy 
which  is  called  the  elephant.  But  the  figures  were  so  far  gone  that  no 
effiity  could  really  be  traced. 

It  should  ba  said  of  these  that  if  one  were  determined  to  make  out  the 
existence  of  the  elephant  and  camel  effigies,  the  shadowy  shape  left 
upon  the  surface  of  the  soil  might  easily  satisfy  him.    There  were    two 
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figures.  One'  with  a  large  body  and  a  ^nout  (Fig.  8)  extending  from  it 
to  a  great  length,  curved  somewhat  like  the  horns  of  the  mastodon.  The 
other  with  a  l^y  slimmer  and  not  so  large,  but  with  a  long  neck  protrud- 
ing above  the  body.  Still  no  man  of  candor  would  undertake  to  build  up 
a  theory  on  so  shadowy  a  foundation  as  this,  for  we  have  only  to  reverse 
the  figure  to  make  it  represent  a  gigantic  raccoon  instead  of  an  elephant, 
and  the  theory  is  upset.  In  reference  to  the  different  groups  of  mounds, 
which  were  found  in  the  swails,  we  should  say  that  they  belonged  to  the 
same  age  as  the  so-called  elephant  effigy,  and  yet  there  was  a  fresh  look  to 
them,  as  if  they  were  of  a  comparatively  recent  date.  It  would  hardly 
seem  possible  for  moimds  to  be  preserved  in  the  sandy  soil,  during  the 
many  centuries  which  have  elapsed  since  the  mastodon  became  extinct, 
and  the  theory  that  they  were  built  at  the  time  of  the  mastodon  seems  un- 
tenable. The  evidence  that  they  belonged  to  the  same  time  and  belonged 
to  the  same  people,  is  that  they  were  situated  in  the  same  kind  of  swails 
and  were  arranged  in  the  same  order,  and  at  the  same  time  were  near  the 
group  in  which  the  effigy  is  found.  The  probabilities  then  are  against  this 
effigy  being  an  elephant,  and  the  figure  is  given  only  to  show  how  easily  one 
may  be  mistaken. 


Fig.  3. 

The  examination  of  the  effigies  and  mounds  on  the  bluffs  followed 
that  of  the  mounds  on  the  bottom  lands.  It  should  be  said  that  the  bluffs, 
in  this  region,  are  very  precipitous,  and  are  broken  into  nairow  and 
crooked  ridges,  on  either  side  of  which  the  water  courses  through  deep 
gorges,  down  to  tlie  streams  and  water-spouts,  until  it  makes  its  way  to 
the  bayou  and  to  the  river.  The  only  way  to  reach  the  summit  is  to  climb 
the  precipitous  face  of  the  cliff,  or  to  follow  up  the  narrow  and  crooked 
valley  of  the  stream  to  the  plateau  above,  and  then  retrace  one's  steps  out 
on  the  level  to  the  edge  of  the  bluffs.  When  one  reaches  the  summit  from 
either  direction  he  is  pretty  sure  to  find  mounds  on  the  ridge.  They  are 
hidden  from  view  until  he  reaches  the  hill-top,  but  they  run  in  long  lines 
from  the  edge  of  the  cliff  back  to  the  plateau  at  the  head  of  the  gorges. 
A  perfect  net-work  of  these  long  mounds,  round  mounds,  and  effigies, 
was  discovered,  nearly  every  ridge  having  its  own  line,  but  some  of  the 
ridges  having  lines  that  were  connected.  Tliey  seem  to  be  the  most  num- 
erous on  the  bluffs  which  intervene  between  the  Wisconsin  and  Mississippi 
rivers,  and  yet  we  understand  that  others  are  to  be  seen  on  the  bluffs  im- 
mediately overlooking  the  so-called  eleph -nt  effigy.  The  lines  of  mounds 
extend  to  great  distances,  some  of  them  three  or  four  miles  in  length,  and 
it  was  not  difficult  to  imagine  them  to  be  sort  of  elevated  roadways  con- 
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necting  lookout  stations,  on  which  warriorg  might  watch  the  enemy  com- 
ing down  the  WiBconain  river,  or  up  the  Missisaippi  riTer,  and  bo  notify 
the  people  residing  in  the  village  of  the  danger  that  threatened  them.  At 
least  the  Unea  of  long  mounda  and  round  mounds  seem  to  follow  along  thA 
ridges  which  intervene  between  the  two  rirers,  as  if  the  object  was  to  con- 
nect  the  valleys  by  lookout  stations  and  elevated  roadways.  The  view 
from  the  edge  of  the  high  bluffs  is  always  extensive  and  commands  the 
bottom  lands  below.  There  are.  however,  lines  which  extend  from  the 
face  of  the  bluffs  back  to  the  prairies  and  open  plateau  in  the  interior,  and 
an  explanation  of  these  would  be  that  they  were  elevated  ways  on  which 
hunters  might  run  while  watching  the  game  that  should  be  driven  from 
the  plat«au  down  the  gorges  to  the  bottom  land  below. 


The  explanation,  however,  is  not  the  purpose  of  the  survey,  but  merely 
the  statement  of  the  facts.  The  long  lines  of  mounds  on  the  bluffs,  all  seem 
to  have  effigies,  and  the  object  was  to  ascertain  what  kind  of  effigies  they 
were.  The  lines  which  were  followed  out  were  more  or  less  directly  con- 
nected with  the  group  in  which  the  elephant  ettlgy  was  situated,  at  least 
they  were  on  the  bluffs  which  overlooked  the  same  terrace  and  we  under- 
stood some  of  them  were  on  the  edge  of  the  same  gorge  through  wliich  the 
water  would  make  its  way,  while  paasingthroughtheswailwhere  the  effigy 
mound  is  seen.  Tlie  elepliant  eRigy  forms  the  southernmost  limit;  but  the 
northern  limit  of  the  long  mounds  and  effigies  upon  the  bluffs  is  seven  or 
eight  miles  distant,  on  the  Wisconsin  river.  The  groups  on  tlie  bottom 
lands  and  on  the  bluffs  adjoining,  seem  to  form  connecting  Unks,  so  that  it 
one  were  to  study  one  group,  he  needed  to  study  all.  There  are  three  or 
four  lines  of  effigies  on  the  bluffs  and  three  or  four  groups  of  parallel 
mounds  on  the  bottom  lands.  One  object  was  to  see  if  there  was  any  con- 
nection between  the  different  parts  of  this  system.    Another  object  was  to 
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examine  the  different  effigies  on  the  bluffs  and  compare  them  with  those 
on  the  bottom  lands  and  ascertain  the  character  of  both.  A  third  object 
was  to  ascertain  whether  there  was  any  effigy  on  the  bluffs  which  in  any 
way  had  resemblance  to  the  so-called  elephant  effigy  on  the  bottom  lands. 
With  these  three  questions  in  mind,  the  exploration  was  undertake.!.  It 
was  not  an  easy  thing  to  do,  as  the  gorges  were  long  and  the  bliiffs  were 
steep,  but  it  was  accomplished  by  the  aid  of  a  guide  who  knew  the  location 
of  all  the  groups.  We  take  up  the  groups  or  lines  of  mounds  on  the  bluffs 
in  their  order,  and  call  attention  to  the  map  of  these  different  mounds  as 
well  as  the  topography  of  the  country  in  whicli  they  were  fonnd.  We  give 
the  names  of  the  people  who  owned  the  land,  and  call  the  groups  by  the 
name  of  the  place.  (1)  The  group  On  the  Kendall  place.  This  is  composed 
of  a  series  of  long  mounds  and  effigies  which  run  from  tbe  edge  of  the  bluff, 
overlooking  the  village  of  Wyalusing,  out  across  land  belonging  to  Mr. 
Glenn,  Sec.  31,  to  land  belonging  to  Mr.  Kendall,  on  Sec.  32.  This  group 
or  line  of  mounds  overlooked  the  gorges  on  either  side,  and  extended  out  to 
the  level  plateau  at  the  head  of  the  gorges.  The  line  was  composed  mainly 
of  long  mounds,  but  the  effigies  were  situated  at  either  end  of  the  line, 
the  effigy  of  a  squirrel  being  at  the  west  end  of  the  line  on  the  edge  of  the 
bluff,  and  three  effigies  at  the  east  end  of  the  line;  a  moose,  wild  cat,  and 
bear.  The  squirrel  was  a  very  unique  and  interesting  effigy,  representing 
the  animal  as  in  the  attitude  of  running;  the  wild-cat  was  of  the  ordinary 
shape,  but  the  moose  was  the  most  interesting  of  all.  It  was  situated  on 
the  edge  ol  the  bluff  overlooking  a  deep  gorge,  south  of  it,  and  command- 
ing a  view  of  other  effigies  on  the  other  side  of  the  gorge.  (See  map  1 , 
the  works  in  Grant  Co.,  also  Figs.  4  and  5.)  The  attitude  of  the  moose  was 
very  natural. 


Fig.  4. 


Fig.  5. 


We  call  attention  to  the  different  effigies  found  in  these  groups,  as  the 
answers  to  questions  asked  will  be  found  in  them.  It  will  be  noticed  that 
there  are  no  elephant  effigies  in  any  of  the  groups.  The  effigies  as  dis- 
covered are  as  follows:  (1)  The  squirrel  on  the  bluff  overlooking  Wyalus- 
ing, map  2,  Section  31.  (2)  The  moose.  Fig.  4,  situated  at  the  head  of  the 
gorge  on  the  Kendall  place,  Section  32.  (3  and  4)  Tlie  bear  and  the  wild- 
cat situated  in  the  same  group.  (5)  Raccoon  on  the  Darby  place,  Fig.  5, 
Section  31.  (6)  The  buffaloes  on  the  Glenn  place.  Section  30.  (7  and  8)  A 
group  of  bear  and  three  deer  on  the  Locke  place.  Section  17.  See  Fig.  6.  (9) 
Two  buffaloes  on  Section  18,  Figs.  7  and  10.  A  group  of  turtles  on  the  Scnee 
place,  Section  22.     These  were  just  such  effigies  as  are  common  throughout 
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the  state,  though  the  attitude  of  the  squirrel  and  buffalo  and  sta^  or  deer 
were  quite  unique  and  interesting.    They  represent  the  animals  which 
formerly  abounded  here.    We  cannot  resist  the  impression  that  they  repre- 
sented the  animals  which  were  hunted  and  for  which  the  mounds  were 
erected  as  observatories.    They  possibly  may  have  been  the  **  dream  gods'* 
or*' dream  totems,"  or  they  may  have 
been  **game  gods"  or  "game  totems,'' 
both  signifying  the  same  thing  to  the 
superstitious  hunters.    There  was  noth- 
ing which  had  any  resemblance  to  the 
elephant  or  could  convey  the  idea  that 
the  elephant  or  mastodon  was  hunted  or 
even  known  by  this  people. 

The  locality  which  was  next  examined 
was  north  of  the  Wisconsin  river,  in 
Crawford  county.  This  is  a  region 
which  has  been  explored  by  the  assis- 
tants of  the  Ethnological  Bureau,  and  we 
need  not  dwell  ux)on  it  in  detail.  It  will 
be  sufficient  to  say  that  an  interesting 
discovery  was  the  result  of  the  explora- 
tion by  the  writer.  It  was  found  to  be 
the  residence  of  a  clan,  the  swallow  be. 
ing  the  totem  of  the  clan.  We  speak  of 
this  because  it  is  important,  as  throwing 
light  on  the  so-called  elephant  effigy. 
The  point  in  mind  is  this:  The  swallow 
which  was  everywhere  discoverable  in 
all  the  groups  visited  in  Crawford  county, 
shows  that  this  was  a  totem  of  this 
region;  and  the  probabihty  is  that 
the  buffalo,  which  is    the    most    num- 
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erous  and  promiueut  effigy  in  Grant  county,  was  the  totem  of  that  region . 
If  this  is  so,  then  we  have  an  additional  reason  to  believe  that  the  so-called 
elephant  effigy  was  nothing  more  nor  less  than  a  buffalo,  and  represented 
the  totem  of  the  region.  We  have  this  to  contend  with,  however, —  it 
was  maintained  by  Dr.  J.  W.  Phene,  that  he  discovered  in  Campbell  coolie, 
three  miles  north  of  Prairie  du  Chien,  the  effigy  of  a  camel,  and  that  the 
camel  and  elephant  were  associated  in  the  mound- builders'  art.  The  search 
was  in  part  for  this  camel  effigy,  and  in  part  to  ascertain  whether  the  theory 
of  game  drives,  dream  gods,  and  clan  totems,  could  be  carried  out  by  the 
facts.  The  result  was  that  the  clan  totem  was  ascertained  and  the  theory 
of  the  game  drive  was  rendered  even  more  probable. 
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Fig.  7. 

We  shall  illustrate  the  points.  There  are  seven  or  eight  groups  on  the 
bluffs  adjoining  Prairie  du  Chien  extending  along  the  road  from  Prairie  du 
Chien  to  Batavia.  In  all  these  groups  the  swallow  is  most  prominent. 
In  one  group,  which  was  composed  in  part  of  long  mounds,  round  mounds 
and  effigies,  the  swallow  was  associated  with  the  buffalo.  (Map  No.  2).  In 
another  group  it  is  associated  with  two  effigies  of  bears.  (Map  2,  No.  5.  In  a 
third,  situated  near  the  village  of  Batavia,  it  is  isolated,  and  yet  other  effigiea 


Map  2. 

may  have  been  at  one  time  near  it.  The  groups  were  all  situated  on  a 
ridge,  but  at  points  where  the  ridge  was  the  narrowest,  and  where  the  im- 
pression was  that  the  different  kinds  of  game  made  their  way  across  the 
ridge  from  the  Mississippi  river  to  the  Kickapoo.   In  passing  down  to  the  val- 
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ley  of  the  blississippi  other  efflgies  were  discovered.  Two  wolves  on  tl 
aide  of  the  bluff,  five  miles  north  of  Prairie  du  Chien  (Map  3,  No.  9).  on  tl 
Brush  place,  aad  two  efllgiea  nearlj  obliterated,  on  the  Dousman  pluc 


Ooe  of  these  we  took  to  be  the  effigj  of  the  camel,  conceroing  which 
Dr.  Phene  and  Mr.  L.  H.  Lewis,  had  spoken,  but  we  could  discover  no  r»- 
Bemblance  to  that  animal.  The  haatj  e.'cpIOTatioD  of  all  these  groups  was 
made  in  company  with  Dr.  Cyrus  Thomas,  of  the  Ethnological  Bureau, 
Washington,  D.  C,  and  two  of  his  assistants.  Their  attention  was  called 
to  the  location  of  the  groups  and  the  theory  of  the  game  drives  seemed  to 
commend  itself  aa  a  good  explanation  of  the  reasons  for  their  erection.  On 
the  way  back  the  party  passed  a  group  of  large  conical  mounda.  situated 
on  the  bottom  lands,  near  the  Courliss  Bayou.  Dr.  Cyrus  Thomas  advanced 
a  theory  in  reference  to  theje,  which  saemoJ  very  plausible.  It  was  that 
the  mounds  were  made  large  and  flat  so  that  they  could  be  places  of  refuge 
intimes  of  high  water.  Tlicie  mouuds  were  arranged  in  a  large  circle  en- 
closing an  area  of  about  twenty  or  thirty  acres.  The  impression  made 
upon  the  writer  was,  that  it  was  a  village  site,  possibly  the  site  of  the  vil- 
lage of  the  very  people  whoje  gams  drives  had  been  disctrvered  upon  the 
hill-tops.  The  gorges  and  roadways  from  the  bottom  lands  to  the  bluffs 
and  the  summit  of  the  ridges,  seemed  to  concentrate  near  this  i>oint. 
Othto"  groups  of  large  mounds,  w.sre,  however,  visited  subsequently,  and 
one  of  them  was  found  to  have  an  efflgy  near  it.  It  is  probable  tliat  sever- 
al villages  existed  on  this  prairie  at  different  times.  Wlijcli  one  lielonged 
to  the  effigy-builders  is  uncertain. 

The  discovery  of  the  clan  totem  was  subi^iuent  to  thiij.  At  a.|)oint, 
three  miles  south  of  Prairie  du  Chien,  there  is  an  efHgy  of  a  swallow  (Fig.  B) 
situated  ou  the  ed^e  of  the  bluff  and  overlooking  the  Wisconsin  river.  The 
swallow  has  it;  wing)  s;)re.ti,  bat  the  peculiarity  of  the  effigy  is  that  whore 
the  wings  are  spread  to  the  w[de.rt  fan,  the  bluff  itself  assumes  the  shape  of 
the  wing.  Where  the  body  is,  the  ridge  is  sharp  and  narrow,  so  sharp  and 
narrow  that  the  head  and  tail  of  the  bird  are  built  out  from  the  sides  of  the 
ridge,  making  it  seem  as  if  the  body  were  dropped  down  below  the  wings. 


216        Wisconsin  Academy  of  Sciences^  Arts  and  Letters. 

It  was  a  singular  freak  for  the  people  to  have  erected  the  efifigy  in  such  a 
place!  but  no  doubt  the  shape  of  the  bluff  or  rocky  spur  suggested  the 
effigy.  The  clan  totem  found  its  embediment  in  the  rock,  or  at  least  it  was 
so  imagined  to  be  by  the  builders. 


Fig.  9. 

Confirmatory  of  this  theory  of  the  clan  totem  was  a  discovery  made  a 
few  (lays  after  on  the  Kickapoo  river.  At  the  mouth  of  this  river  near 
the  village  of  Wazeka,  there  is  a  group  of  long  mounds  and  effigies,  one 
of  them  the  effigy  of  a  weasel.  Five  miles  north  of  Wazeka  two  other 
effigies  were  discovered,  both  of  them  swallows.  One  of  these  was  situated 
on  the  top  of  a  very  high  liill,  which  overlooked  the  valley  of  the  Kickapoo 
and  which  commanded  a  view  of  nearly  all  of  the  groups  which  were 
previously  visited,  especially  those  on  the  summit  of  the  ridges  near  the 
village  of  Batavia  or  Eastman.  It  was  a  lone  swallow  and  seemed  to  mark 
the  border  line  of  the  swallow  clan.  The  other  effigy  was  situated  in  a  very 
retired  and  lonely  spot,  down  near  the  the  water's  edge  at  a  bend  of  the 
river  and  hidden  away  among  the  surrounding  hills.  This  also  was  a  lone 
bird.  Its  wings  stretched  from  bank  to  bank  across  the  bend  of  the  river, 
and  it  covered  the  bottom-land.  The  impression  formed  from  these  two 
effigies  was  tliat  the  Kickapoo  river  was  occupied  by  tlie  swallow  clan. 

In  all  these  groups  which  were  situated  north  of  the  Wisconsin  river 
there  were  no  effigies  which  resembled  in  auy  way  an  elephant.  There  were 
effigies  of  bear,  buffalo,  wolves,  birds  and  weasels,  but  the  most  numerous 
and  common  was  this  effigy  of  the  swallow.  Tliis  completes  the  report  of 
the  survey  of  the  effigies  in  the  vicinity  of  the  so-called  elephant  mound  of 
Grant  county.  There  were,  however,  ab<3ut  this  time  various  reports  pub- 
lished concerning  the  discovery  of  elephant  effigies  in  other  parts  of  Wiscon- 
sin, and  the  writer  took  j)ains  to  visit  these  localities. 

The  following  fact^  are  presented  as  supi)lemeutary  to  this  descrip- 
tion of  the  survey.  The  place  which  was  visited  by  the  writer  to  ascertain 
the  facts  about  a  rumored  elephant  effigy  was  in  Green  Lake  county,  not 
far  from  the  city  of  Ripon.  It  should  be  said  the  discussion  about  elephant 
pipes  which  was  conducted  between  Mr.  Chas.  E.  Putnam,  Escj. ,  President 
of  the  Davenport  Academy  of  Science,  and  Mr.  Henry  W.  Henshaw,  of  the 
Ethnological  Bureau,  during  the  year  1885,  gave  additional  interest  to  the 
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survey  of  the  effigy  mounds  and  led  many  of  the  archaeologists,  to  notice 
every  report  of  the  discovery  of  new  elephant  effigies.  When,  therefore, 
Mr.  Theodore  F.  Wise,  who  was  at  the  time  publishing  a  monthly  paper, 
called  **  The  Young  Mineralogist  and  Antiquarian,"  made  the  announce- 
ment that  he  had  discovered  an  elephant  effigy  in  the  vicinity  of  Green 
Lake  county,  it  seemed  desirable  to  the  writer  that  the  place  should  be  vis- 
ited and  the  facts  about  the  affigy  be  ascertained.  The  extension  of  the 
survey  and  a  report  of  it  will  therefore  be  excusable.  The  trip  resulted  in 
some  very  interesting  discoveries,  but  in  the  refutation  of  everything  which 
was  announced  by  Mr.  Wise  in  reference  to  the  effigy.  The  neighborhood 
of  Green  Lake  is  very  interesting  on  account  of  the  number  and  variety  of 
its  effigies.  Here  on  the  west  side  of  the  lake,  situated  on  the  summit  of 
the  bluffs  and  overlooking  the  water,  the  writer  discovered  many  beautiful 
effigies  a  large  majority  of  them  being  in  the  shape  of  squirrels.  The  squir- 
rels were  in  every  conceivable  attitude,  some  of  them  of  large  size. 

On  the  south  end  of  the  lake  a  group  was  discovered  which  contained  the 
effigies  of  two  bears  and  a  deer  in  the  attitude  of  running.  There  were 
also  various  groups  of  effigies  on  the  southeast  side  of  the  lake.  Some  of 
these  were  birds,  some  panthers  and  a  few  turtles,  but  many  of  them  were 
squirrels.  (See  Fig.  10.)  The  impression  formed  by  the  survey  was  that 
here  was  a  clan  residence,  and  that  the  reason  for  tlie  erecting  of  these 
effigies  on  the  various  bluffs,  was  because  the  totem  of  the  clan  was  that 
of  the  squirrel.  The  trip  was  extended  to  the  shores  of  Lake  Pucka  way. 
Here  on  the  south  side  of  the  lake,  there  arfe  many  mounds  and  effigies. 
One  long  row  of  mounds  was  followed  for  the  distance  of  three  miles;  the 
row  was  situated  on  the  edge  of  the  bluff  overlooking  the  lake,  and  con- 
sisted of  long  mounds,  round  mounds  and  various  effigies,  among  which 
were  the  bear,  and  a  fox  represented  as  running  with  liis  head  turned 
around  and  looking  behind  him,  a  very  interesting  effigy.  A  number  of 
groups  were  discovered  also  upon  the  north  side  of  the  lake,  one  of  them 
near  the  Chicago  club-house.  This  was  also  in  the  shape  of  a  squirrel,  but 
a  squirrel  in  a  peculiar  attitude.  There  were  no  effigies  resembling  the 
elephant,  anywhere  on  either  of  tlie  lakes.  A  gentleman  who  attended 
tlie  writer  in  his  explorations  at  Lake  Puckaway  (Mr.  A.  Aldrich,  of  Green 
Lake)  gave  information  in  reference  to  the  so-called  elephant  effigy,  and 
volunteered  to  be  a  guide  to  the  spot.  Accordingly,  on  the  return  trip,  we 
went  in  search  of  the  effigy,  and  in  a  field  which  had  been  plowed  for  many 
years,  discovered  a  number  of  round  mounds,  and  one  that  looked  as  if  it 
might  have  been  an  effigy  at  one  time,  but  it  was  so  far  obliterated  that  no 
shape  whatever  could  be  made  out.  This  was  at  Dautz  Tavern,  half  way 
between  Green  Lake  and  Lake  Puckaway.  Mr.  Aldrich  informed  the 
writer  that  he  was  with  Mr.  Tlieodore  S.  Wise  when  he  examined  this 
mound,  and  that  at  that  time  it  was  in  the  same  condition  that  it  was  when 
we  visited  it.  The  resemblance  to  an  elephant  was  wrought  out  of  the 
imagination  of  Mr.   Wise,  but    had   no  existence.      In    fact    it  was  im- 
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possible  to  trace  a  single  outline  that  would  give  the  idea  that  it  was  an 
elephant  effigy.  This  finished  the  search,  for  it  was  evident  that  the  effect 
of  the  discussion  was  to  create  these  imaginary  figures,  and  it  did  not  seem 
worth  while  to  follow  up  uncertainties.  The  theory  in  reference  to  the 
clan  emblem  was  confirmed,  and  the  impression  was  made  all  the  stronger 
that  the  effigies  of  Wisconsin  were  imitations  of  the  animals  which  were 
once  common  in  the  region,  and  that  no  extinct  animal  is  to  be  found  rep- 
resented by  them. 


Fig.  11. 

A  few  words  more  in  regard  to  the  effigies,  which  might  be  easily 
mistaken  for  the  elephant.  There  are  two  effigies  at  Merrill  Spring, 
near  Madison  (see  Fig.  11),  which  have  been  by  some  supposed  to  represent 
elephants.  They  are  probably  effigies  of  buffalo.  They  are  placed 
around  a  large  conical  burial  mound,  or  lookout  station,  in  the  midst 
of  a  group  which  was  designed  to  guard  the  camping  place  at  the  spring. 
There  is  also  an  effigy  on  Peck*s  place  near  the  city  of  Beloit  (see  Fig.  12), 


y.AL 


,*>'•'''- ^  ', 


Fig.  12. 

which  at  first  sight  resembles  an  elephant.  It  has  the  sloping  rump  and 
large,  heavy  body  of  the  elephant,  but  lacks  the  proboscis.  There  is  a  pro- 
jection above  the  head  which  is  probably  designed  to  represent  horns. 
This  is  in  the  midst  of  a  buffalo  game  drive,  and  represents  the  dream 
god,  or  game  god,  or  fetish,  of  the  hunters.  There  was  formerly  a  large 
effigy  on  the  Downe  place,  east  of  Beaver  Dam.  It  is  nearly  obliterated 
now,  but  formerly  represented  some  four-footed  animal,  such  as  bear,  buf- 
falo or  moose.  It  might  have  been  mistaken  for  an  elephant.  There  is  a 
mound  which  Mr.  T.  H.  Lewis  discovered  on  the  bluffs  on  the  west  side  of 
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the  Miasiasippi  river,  opposite  P^^airie  du  Chiei),  which  he  says  "  reeembles 
an  elephant.**  It  is  prohablj  a  buffalo.  Other  mounds  might  be  mentiened, 
and  among  them  the  group  which  was  one  of  the  earliest  discovered  in  the 
state,  namely,  the  group  described  by  Mr.  S.  Taylor,  and  situafced  near 
Blue  Mound.   (See  Figs.  18  and  14).  One  of  these  resembles  the  figure  which 


Fig.  18. 


we  have  drawn  out  of  the  so  called  elephant  effigy,  and  we  therefore  give  it  as 
a  specimen.    Our  conclusion  after  all  this  exploration  is  that  there  are  no 


Fig.  14. 

elephant  effigies  in  the  state,  and  that  the  so-called  elephant  moimd  was 
designed  to  represent  either  the  bear,  the  wild-cat,  the  buffalo,  or  the 
moose,  eve^  one  of  which  contains  the  same  elements  of  a  heavy  body,  a 
large  head  and  a  protruding  snout,  and  any  one  of  which  mi^ht  might  be 
made  to  represent  an  elephant  if  we  would  cut  off  certain  parts  of  the  head, 
and  add  to  other  parts. 


SPIDERS  OF  THE  SUB-FAMILY  LYSSOMANi^. 


BY 


G.  W.  AND  E.  G.  PECKHAM  and  WM.  H.  WHEELER. 


22i        Wisconsin  Academy  of  Sciences,  Arts  and  Letters. 


INTRODDCTIOH. 


Up  to  the  present  time  there  have  been  formed  in  the  sub-family 
Lyssoman^,  six  genera,  in  the  following  order  of  time: 

1844.    Lyssomanes  Hentz. 

1869.    Asamonea  Cambridge. 

1872.    Jelskia  Taczanowski. 

1877.    Evenus  f  Simon,  Athamas  Cambridge. 

1885.    Simonella  Peckham. 

Some  time  ago  M.  Eug6n  Simon,  with  great  generosity,  placed  a  num- 
ber of  his  unpublished  species  at  our  disposal;  we  have  also  an  undescribed 
species  of  Lyssomanes  from  a  collection  of  AttidsB  belonging  to  the  Berlin 
Museum,  which  was  loaned  to  us  through  the  courtesy  of  Dr.  Ferd.  Karsch; 
these  additions  to  our  own  collections  have  enabled  us  to  add  seventeen 
new  species  to  the  thirteen  already  known  in  this  sub-family. 

We  wish  to  express  our  gratitude  to  Dr.  L.  Taczanowski  for  specimens 
of  all  of  his  species  of  Jelskia,  and  to  to  the  Re  7.  O.  P.  Cambridge  for  a 
specimen  of  Athamas  whitmeei. 

We  have  endeavored  to  separate  the  species  into  natural  groups  and  to 
define  the  groups  as  closely  as  possible.  Tlie  gonus  Jelskia  we  have  in- 
cluded as  a  sub-genus  under  Lyssomanes^  giving  the  new  sub-generic  name 
Maroussa  to  the  other  species  of  the  genus.  The  sub-divisions  of  Maroussa 
and  Jelskia  are  merely  for  practical  convenience. 

It  seems  probable  that  many  of  the  spiders  of  the  Lyssomanii  group  are 
adorned,  in  life,  with  delicate  and  brilliant  colors  which  disappear  in  alco- 
hohc  specimens.  This  we  know  to  be  the  case  with  Lyssomanes  viridis 
which  is  in  reality  of  a  tender  grass-green  color  bat  which  appears  in  collec- 
tions to  be  of  the  light  yellowish  tint  which  is  common  to  many  related 
.  species  as  known  to  us.  The  only  way  to  define  spiders  of  this  group  satis- 
factorily is  by  their  anatomical  proportions  and  by  their  epigynes  and  palpi, 
which  should  always  be  referred  to  in  determining  species. 

Our  measurements  have  been  made  in  accordance  with  the  following 
rules: 

To  determine  the  length  of  the  cephalothorax,  measure  from  the  anterior 
edge  of  the  eyes  of  the  second  row  to  the  posterior  edge  of  the  thorax. 

To  determine  the  length  of  the  cephahc  part  (or  of  the  quadrangle  of 


*The  plates  for  this  article  were  cootribiited  by  the  authors, 
t  Afterwards  changed  to  Epeus  Peckham. 
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eyes),  measure  from  the  anterior  edge  of  the  eyes  of  the  second  row  to  the 
posterior  edge  of  the  eyes  of  the  fourth  row. 

Where  the  expression  "  width  of  the  quadrangle  of  the  eyes  "  is  used,  the 
greatest  width  is  always  meant. 

The  position  of  the  eyes  of  the  third  row  is  determined  by  measuring 
from  the  posterior  edge  of  the  eyes  of  the  second,  and  the  anterior  edge  of 
the  eyes  of  the  fourth  row. 

DISTRIBUTION  OP   THE  LTSSOMANH. 

The  distribution  of  the  species  of  Lyssomanii  presents  some  interesting 
facts.  The  genus  Asamonea  faUs  very  naturally  into  two  divisions.  The 
two  species  constituting  the  first  division,  A,  gracilis  and  A.  flava^  are  con- 
fined to  South  America;  the  four  species  forming  the  second  division  are 
restricted  to  Southern  Asia  and  South  Africa.  At  first  sight  it  would  seem 
well  to  have  formed  two  genera,  allotting  to  each  the  Asemoneae  of  a 
hemisphere.  Careful  study  of  the  species,  however,  has  convinced  us  that 
such  a  proceeding  would  have  been  unadvisabje,  as  the  morphological  char- 
acteristics of  either  group  could  not  be  raised  to  generic  importance. 

All  ten  species  of  Lyssomanes  belonging  to  the  sub-genus  JeUkia  are  con- 
fined to  Central  and  South  America.  The  sub-genus  Maroussa  resembles 
Asamonea  in  that  its  species  are  divided  between  two  hemispheres.  One 
species  only,  M,  modestuSy  is  reported  from  the  old  world,  occurring  in 
Kad^^ascar;  of  the  remaining  seven  new  world  forms,  five  occur  in  South 
America,  one  in  the  island  of  San  Domingo  and  one  in  tlie  southern  states 
of  the  Union. 

« 

Regarded  as  an  isolated  fact,  this  distribution  of  the  members  of  a  genus 
over  the  tropics  of  two  hemispheres  seems  anomalous.  But  analogous 
cases  in  the  distribution  of  other  organisms  are  by  no  means  rare.  Among 
plants  especially  such  cases  are  common.  Among  animals  we  may  cite 
the  case  mentioned  by  Wallace  of  the  four  species  of  Megacephala 
(a  genus  of  theCicindelidsB,  or  tiger  beetle  famQy)  two  of  wIiLoli  occur  in 
Africa  and  two  in  South  America.  In  like  manner  four  specie:}  of  another 
genus,  Peridexia,  of  the  same  family,  are  equally  divided  between  South 
America  and  Madagascar.  Then  again  when  we  consider  the  great  anti- 
quity of  the  existing  genera  of  si)iders,  we  can  see  nothing  difficult  of  ex- 
planation in  the  wide  and  discontinuous  distribution  of  the  Asamonese  and 
MaroussaB.  We  have  only  another  instance  confirmatory  of  the  truth  of 
Wallace's  remarks  tliat  *'  Insects  exhibit  in  a  very  marked  degree  in  their 
actual  distribution  the  influence  both  of  very  ancient  and  very  modern 
conditions  of  the  earth's  surface.  The  effects  of  the  ancient  geographical 
features  of  the  earth  are  to  be  traced  in  the  large  number  of  cases  of  dis- 
continuous and  widely  scattered  groups  which  we  meet  with  in  almost 
every  family,  and  which,  to  some  extent,  obscure  the  broader  features  of 
distribution  due  to  the  period  during  which  the  barriers  which  divide  the 
primary  regions  have  continued  to  exist."* 

*  ▲.  R.  Wallace,  Distribution  of  Animals,  Vol.  I,  p.  503. 
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The  absence  of  Lyasomanii  in  Europe  and  northern  Africa  would  seem 
to  indicate  that  the  ancestors  of  this  group  of  spiders  during  the  miocene 
tertiary  ranged  through  northern  Asia  and  what  is  now  British  America. 
The  connection  existing  between  Alaska  and  northeastern  Asia^as  shown 
by  the  flora  of  that  epoch,  would  present  no  obstacle  to  a  group  of  spiders 
originating  on  one  of  the  continents  passing  over  into  the  other.  The 
advent  of  the  Glacial  Epoch,  we  may  suppose,  drove  the  Lyssomanii,  which 
even  then  had  separated  into  two  genera  corresponding  to  our  Asamo- 
nea  and  Lyssomanes,  members  of  both  of  which  occurred  on  either  conti- 
nent, southward,  on  the  one  hand  through  Asia  and  on  the  other  hand 
through  North  America.  The  distance  which  the  species  are  driven  is 
considerable,  as  none  seem  to  have  remained  on  what  is  now  the  Asiatic 
Ck>ntinent,  but  all  passed  over  to  Ceylon  and  the  neighboring  Madagascar, 
whence  some  probably  wandered  to  South  Africa.  Similarly  in  North 
America  the  species  were  forced  southward  to  Central  America,  whence 
some  migrated  to  South  America.  Here  the  conditions  were  most  favor- 
able to  the  development  of  'species  as  the  majority  of  existing  forms  is 
reported  from  this  continent.  It  is  still  doubtful  whether  or  not  the  single 
species  in  the  island  of  San  Domingo  and  the  single  species  in  the  southern 
United  States  are  to  be  regarded  as  forms  which  were  left  behind  in  the 
wholesale  migration  of  the  group  or  whether  they  are  species  which  have 
migrated  northward  from  South  America  since  the  close  of  the  Qlaclal 
Epoch.  We  incline  to  the  latter  supposition,  since  it  is  more  probable  that 
a  limited  number  of  species  would  undertake  a  northward  migration  than 
that  such  a  limited  number  would  be  spared  under  conditions  which  were 
fatal  to  the  existence  of  a  whole  group  in  the  eastern  hemisphere.  It  is, 
of  course,  also  ])ossible  that  the  Central  American  species  have  migrated 
northward  since  the  close  of  the  Glacial  Epoch. 

It  is  interesting  to  note  a  somewhat  similar  dlHtribiition  in  another  family 
of  spiders,  the  Archaeidee.  This  family  includes  four  genera;  one  of  these 
is  extinct,  and  is  represented  by  fossils  in  the  Baltic  amber  of  the  Tertiary 
period;  of  the  three  genera  that  are  represented  by  living  species;  one  is 
found  in  Madagasc^ar,  one  in  western  Africa,  and  one  in  the  southern  part 
of  South  America.* 


FAMILY  ATHD^. 

SUB-FAMILY  LYSSOMAN^. 

Eyes  in  four  transverse  rows. 

Group      I.     Lyssomanii.     Cephalothorax  low  or  moderately  high,  rather 

elongated,  longer  than  wide. 
Group    II.    Athamii.    Cephalothorax  high,  short,  quadrate. 
Group  III.    Simonellii.    Cephalothorax  nodose;  spiders  ant- like  in  form. 

*  E.  Simon,  Ann.  Mus.  Civ.  di  Storia  Naturale  di  Oenova,  V.  XX,  1884. 
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GBOUP  I.     LTSSOMAim. 

QoAdrangle  of  eyes  never  more  than  one-third  wider  than  long Lif89(nnanei, 

Quadrangle  of  eyes  at  least  twice  as  wide  as  long Aaamonea,. 

GENUS  LY8S0MANES    Hentz. 

Cephalothorax  moderately  high,  sloping  downward  behind  and  on  the  sides 
from  the  caput;  about  one- third  longer  than  wide.  General  form 
ovaL    Caput  occupying  one-half  or  nearly  one-half  of  cephalothorax. 

Eyes  arranged  in  four  transverse  rows  of  two  each.  Eyes  of  first  row  close 
together,  from  two  to  three  times  as  large  as  those  of  second  row, 
occupying  the  entire  face.  Second  row  just  behind  first  and  about 
as  wide  (sometimes  a  little  wider  or  narrower).  Third  row  composed 
of  two  very  small  eyes,  plainly  nearer  the  second  than  the  fourth 
row;  narrower  than  second  and  wider  than  fourth  row.  Eyes  of 
fourth  row  about  as  large  as  those  of  the  second  and  nearer  together; 
quadrangle  formed  by  second  stad  fourth  rows  as  wide  as  long  or 
from  one-fourth  to  one-third  wider. 

Sternum  somewhat  heart  shaped;  length  and  width  about  equal. 

CoxsQ  separated  by  the  width  of  the  labium  and  part  or  all  of  the  maxillss. 

MazillsB  slightly  enlarged  at  extremities. 

lAbium  about  as  wide  as  long  or  a  little  longer  than  wide. 

Abdomen  long,  slender,  tapering,  spinnerets  short. 

Legs  usually  long  and  slender.  Relative  length  variable.  Long  and  slen- 
der femoral,  tibial,  metatarsal  and  usually  patellary  spines  on  th  e 
four  pairs. 

Sub-genus  Maroitssa*  Second  row  of  eyes  always  wider  than  first.  Eyes 
of  second  row  frequently  only  about  one-third  as  large  as  those  of 
first. 

Sub-genus  Jelskia,  Second  row  of  eyes  not  wider  than  first  (equally  wide 
©r  a  little  narrower).  Eyes  of  second  row  relatively  larger  than  in 
Marousaa  and  often  placed  directly  above  those  of  first  row,  looking 
forward. 

SUB-GKNUS  MAROUSSA.t 

A.  Quadrangle  of  eyes  not  more  than  one-fourth  wider  than  long. 

Femur  of  the  first  as  long  as  femur  and  patella  of  the  second;  meta- 
tarsus of  the  first  bent antillaniu, 

,^  ,  (San  Domingo). 

Femur  of  the  first  scarcely  longer  than  femur  of  the  second;  metatar- 
sus of  the  first  not  bent unicolor, 

(Peru). 


*  Russian  proper  name. 

t  All  the  species  of  the  sub-genus  Marousaa  have  the  leg  formula  12  8  4,  excepting  mo- 
dettut,  Madagascar  (4T8  8),  and  antillanua,  San  Domingo  (14  8  9);  while  in  the  sub- 
genus Jekkia  the  formula  1  S  8  4  occurs  in  only  three  species,  amazonicu$,  nigropictiu  and 
kmdUM. 

O 
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LYSSOMANES  ANTILLANUS    N.  Sp. 

•  Plate  XI,  figure  1. 

^  .    Length  of  cephalothorax  2.4  mm;  of  abdomen,  4  mm. 

Legs  12.5,  9.5,  8.5.  7.4. 

C!ephalic  and  thoracic  parts  equally  long.  Quadrangle  of  eyes  one-fourth 
wider  than  long.  Eyes  of  first  row  nearly  three  times  as  large  as 
those  of  the  second.  Clypeus  one-fifth  as  high  as  anterior  eyes. 
Falces  rounded,  horizontal,  diverging,  four  or  five  times  as  long  as 
face;  fang  as  long  as  (alx.  MaxillsB  rounded  and  a  little  enlarged  at 
their  extremities.  Labium  a  little  longer  than  wide,  a  little  nar- 
rower, and  blunt  at  the  tip,  one-half  as  long  as  maxillsB.  Legs  1,  2, 
3,  4;  femur  of  the  first  as  long  as  femur  with  patella  of  the  second; 
metatarsus  of  the  first  elongated  and  curved. 

"Coloration  (dry):  Upper  surface  of  cephalothorax  light-yellowish  brown, 
with  some  bright  red  hairs  on  the  eye  region,  and  a  dark  brown  cen- 
tral band  from  the  fourth  row  of  eyes  to  the  posterior  margin.  Cly- 
peus bright  red  with  a  whitish  line  above  the  insertion  of  the  falces. 
Abdomen  above  dark  brown  with  a  white  band  around  base  and 
sides.  Falces  dark  brown,  fang  black.  Legs,  palpi,  mouthparts 
and  coxae  hght  brown.  Sternum  and  venter  drab,  with  short  white 
hairs. 

Habitat:    San  Domingo. 
From  the  collection  of  M.  Simon . 


LYSSOMANES  UNICOLOR    Tacz.      1874. 

Plate  XI,  figure  2;  plate  XII,  figure  21. 

Jelskia  unicolor  Tacz.     1874.     Les    Araneides  de    la    Guyane    Frangaise 

HoraB  See.  Ent.  Ross.,  T.  VIII,  p.  131, 
"  "        **  1879.     Les  Araneides  du  Perou,  Bull  de  la  Soc.  Imp. 

des.  Nat.  de  Moscou.    T.  LIII,  1878,  No.  4,  t 
'  p.  373. 

^  .     Length  of  cephalothorax  2.7  mm;  of  abdomen  4.2  mm. 

Legs  12,  10.9,  10.8,  10.7. 

9  .    Length  of  cephalothorax  3  mm;  of  abdomen  5.2  mm. 

Legs  12,  11,  10.5,  10.5. 

Cephalic  and  thoracic  parts  equally  long.  Quadrangle  of  eyes  scarcely 
one-fourth  wider  than  long.  Eyes  of  first  row  but  little  more  than 
twice  as  large  as  those  of  second.  Second  row  wider  in  6  than  in 
? ,  a  little  wider  than  the  first  row  in  both  sexes.  Clypeus  about 
one-third  as  high  as  anterior  eyes.  Falces  weak,  vertical,  parallel, 
about  as  long  as  face;  fang  weak.  Maxillaa  rounded  and  a  little  en- 
larged at  their  extremeties.    Labium  about  as  wide  as  long,  blunt. 
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(6)  one- half ,  (?)  a  little  more  than  one-half  as  long  as  maxillffi. 
*  Coxae  of  the  first  not  so  widely  separated  as  usual,  t.  e,,  by  scarcely 

more  than  the  width  of  the  labium.  Le^  1, 2,  8,4;  femur  of  the 
first  but  little  longer  than  femur  of  the  second;  metatarsus  of  the  first 
not  curved. 

Coloration  ( dry ):  S .  Upper  surface  of  cephalothoraz  pale  yellow; 
eye-region  nearly  covered  with  bright  red  hairs;  white  hairs  on  the 
clypeus,  in  circles  around  the  anterior  eyes,  and  in  patches  outside 
the  second  and  third  rows  of  eyes.  Upper  surface  of  abdomen  pale 
yellow  with  two  divergent  brown  bands  from  base  to  apex,  which 
are  enlarged  at  three  points  to  form  as  many  pairs  of  opxK>sed  dots, 
one  pair  at  each  end,  and  one  in  the  middle.  Legs  pale  yellow  with 
black  spines  and  tips  and  dark  brown  bands  at  the  joints.  Palpus 
pale;  bulb  brown  with  pale  tarsus  projecting  beyond.  Falces  and 
under  surface  pale  pellow. 

The  same  description  answers  for  the  female,  excepting  that  the 
bands  and  dots  on  the  abdomen  are  indistinct,  and  that  there  are  no 
brown  bands  on  the  legs. 

Habitat:    French  Guiana,  Peru. 
By  the  relatively  largtr  eyes   of  the  second  row,  and  the  relatively 

greater  length  of  the  quadrangle  of  the  eyes  this  species  approaches  the 

sub-genus  Jelskia. 

B.    Quadrangle  of  eyes  one -third  wider  than  long. 


MALXS. 


I 


Femur  of  the  first  as  long  as  femur  and  patella  of  the  second. .  viridis. 

(South  United  States). 
Femur  of  the  first  not  so  long  as  femur  and  patella  of  the  second  2 


Tarsus  of  palpus  less  than  twice  as  long  as  tibia bi-tceniatus 

2-{  (Venezuela). 

Tarsus  of  palpus  more  than  twice  as  long  as  tibia 8 


J   Nofring 
I  Tibia  of 


No  fringe  of  hairs  on  tibia  of  the  first placidus. 

(Mexico), 
the  first  with  fringe  of  hairs 4 


'  Tibia  of  the  first  with  fringe  of  hairs  on  proximal  half  of  up- 
per side  and  on  distal  half  of  imder  side;  tibia  of  the  second 
with  fringe  of  hairs  Jbhroughout  its  length  on  under  side miniacetu. 


Tibia  of  the  first  with  fringe  of  hairs  on  under  side  nearly 
throughout  its  length ;  no  fringe  on  tibia  of  the  second austeruB 


(Rio  Janeiro). 

auateruB 
(Rio  Janeiro)  * 


FXICALBS. 


! 


Legs  4  1  3  2 : modesttu. 

(Madagasccur). 
Legs  12  84 2 


« 


'  Eyes  of  first  row  three  times  as  large  as  those  of  second;  falces 

twice  as  long  as  face,  moderately  stout viridii. 

(South  United  States). 
Eyes  of  first  row  only  twice  as  large  as  those  of  second;  falces 

tm  long  as  face,  weak trigtii. 

(BrazU). 
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LYSSOMANES  VIRIDIS    Walck.    1887.  . 
Plate  XI,  figure  8.    Plate  Zn,  figures  6,  6a,  6b. 

Altis  viridiB  Walck.    1887.    Hist.  Nat.  des.  Insectes.    T.  I,  p.  469. 
LyBSomanes  viridis  Hentz.    1844.    Jour.  Boet.  Soc.  Nat.  Hist.,  IV.,  pp. 

886-896. 
"  "  **         1875.    Occ.   Pap.  Bost.  Soo.  Nat.  Hist.,  II, 

Spiders  of  U.  S.,  p.  48. 

$  •    Length  of  cephalothorax  2.6  mm;  of  abdomen  4.5  mm. 

Legs  12,  9.6,  8.5,  8.2.    Falces  2.8  mm. 

9 .    Length  of  cephalothorax  8  mm;  of  abdomen  6.2  mm. 

Legs  10,  9,  8,  7.8.    Falces  1  mm. 

Cephalic  part  not  quite  so  long  as  thoracic.  Quadrangle  of  eyes  one-third 
wider  than  long.  Eyes  of  first  row  three  times  as  large  as  those  of 
second  row.  Clypeus  one-fourth  as  high  as  anterior  eyes.  Falces 
{$)  horizontal,  diverging,  rounded,  four  times  as  long  as  face;  on 
the  distal  end  of  each  falx,  on  the  inner  edge,  are  two  stout  projec- 
tions; fang  as  long  as  falx,  curved.  Falces  ( 9 )  rather  stout,  nearly 
vertical,  twice  as  long  as  face;  fang  one-half  as  long  as  falx.  Max- 
illae rounded  and  a  little  enlarged  at  their  extremities.  Labium  a 
little  longer  than  wide,  more  than  one-half  as  long  as  maxillse, 
blunt;  ia  6  narrow  at  the  base.  Leg8l,2,  8, 4.  Femur  of  the  first 
(6)  quite,  (?)  nearly  equal  to  femur  with  patella  of  the  second. 
Metatarsus  of  the  first  ( $ )  bent,  with  fine  fringe  of  hairs  at  distal 
end.     Spines  rather  long. 

Coloration  (under  alcohol):  Upper  surface  of  cephalothorax  and  falces 
light  yellow  {$)  with  tinge  of  red;  a  short  dark  median  longitudinal 
line  on  anterior  thoracic  part.  Sternum,  coxce,  mouthparts  and  up- 
per and  under  surface  of  abdomen  pale  yellow.  Legs  pale  with 
slightly  darker  spines  and  black  tips,  (6)  tibia  of  the  first  darker  to- 
ward extremity  with  some  short  dark  hairs;  matatarsus  of  the  first 
brown  at  distal  end  with  fringe  of  short  brown  hairs. 

Habitat:    Southern  United  States. 

Hentz  describes  this  species  as  follows:  **  Tender  grass-green;  cephalo- 
thorax with  some  orange*  colored  hairs  near  the  eyes,  and  a  httle  black  line 
on  the  disk;  abdomen  with  six  or  eight  black  dots,  sometimes  wanting." 
The  green  color  evidently  fades  to  a  light  yellow  in  alcohol.  Hentz  prob- 
ably never  had  a  mature  male,  as  he  makes  no  reference  to  the  long  hori- 
zontal falces. 
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LYSSOMANES   BI-T^NIATUS    N.  Sp. 

Plate  XI,  fl«rure  4. 

^ .    Length  of  cephalothorax  2.5  mm;  of  abdomen  4  mm. 

Legs  11.5,  9.4,  9,  8.8.    Falces  1.5  mm. 

Cephalic  and  thoracic  parts  equally  long.  Quadrangle  of  eyes  nearly  one- 
third  wider  than  long.  Eyes  of  first  row  about  three  times  as  large 
as  those  of  second  row.  Clypeus  one-fifth  as  high  as  anterior 
eyes.  Falces  horizontal,  diverging,  three  times  as  long  as  face;  fang 
bent,  as  long  as  falx.  On  the  front  face  of  each  falx,  just  above 
the  insertion  of  the  fang,  are  seven  or  eight  stout  hairs  which  form 
a  triangle  with  the  apex  up.  Maxillae  rounded  and  a  little  en- 
larged at  their  extremities.  Labium  as  wide  as  long,  one-half  as 
long  as  maxillsB,  truncated.  Legs  1,2,8,4.  Femur  of  the  first 
nearly  as  long  as  femur  with  patella  of  the  second.  Metatarsus  of 
the  first  elongated,  bent,  with  a  fringe  of  hairs  occupying  distal 
third.  Palpus  with  femur  elongabed,  and  patella  plainly  shorter 
than  tibia.  Tibia  with  a  row  of  stout  hairs  on  upper  and  outer  side 
of  distal  half. 

Coloration  (under  alcohol):  Upper  surface  of  cephalothorax  pale  yel- 
low with  a  dark  line  around  lower  margin,  and  a  central  longitudi- 
nal dark  line  on  thoracic  part.  Upper  surface  of  abdomen  pain  yel- 
low with  two  parallel  longitudinal  brown  bands  throughout  its 
length,  on  which  are  three  pairs  of  spots,  formed  by  enlargements 
of  the  bands.  Falces  pale  yellow,  with  an  oblique  band  of  darker 
reddish  yellow  arising  at  the  proximal  end,  above,  and  passing  down- 
ward and  inward  to  the  inner  side  of  the  insertion  of  the  fang.  Legs 
pale  yellow  with  dark  bands  at  joints,  brown  spines,  and  black  tips. 
Palpus  and  entire  under  surface,  light  yellow. 

Habitati    Venezuela.    (Caracas). 
From  the  collection  of  M.  Simon. 

LYSSOMANES    PLACIDUS     N.  Sp. 

Plate  XI,  figure  5. 

t .    Length  of  cephalothorax  2.8  mm;  of  abdomen  4  mm. 

Legs  12, 9.8, 9,  8.8. 

Cephalic  and  thoracic  parts  equally  long.  Quadrangle  of  eyes  one-third 
wider  than  long.  Eyes  of  first  row  more  than  twice  as  large  as  those 
of  second.  Clypeus  nearly  one-half  as  high  as  anterior  eyes.  Falces 
weak,  vertical,  parallel,  as  long  as  face;  fang  weak.  Maxillee  trun- 
cated and  a  little  enlarged  at  their  extremities,  cut  obliquely  on  their 
inner  edges.  Labium  longer  than  wide,  rounded,  slightly  more  than 
one-half   as  long  as  maxillae.      Legs  1, 2,  8, 4;  femur  of  the  first 
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shorter  than  femur  with  patella  of  the  second;  metatarsus  of  the 
first  long,  slightly  bent;  tarsus  of  the  first  with  fringe  of  hairs.  The 
tibial  and  metatarsal  spines  are  long  and  slender,  and  are  arranged 
in  inferior  rows. 

Coloration  (dry):  Upper  surface  of  cephalothorax  light  brown  with  a 
dark  line  around  the  lower  margin;  eye-region  and  «lypeus  pale, 
covered  with  white  and  red  hairs.  Upper  surface  of  abdomen 
blackish,  with  a  white  central  longitudinal  band  extending  through 
two-thirds  of  its  length;  this  band  suddenly  contracts  a  little  behind 
its  middle  point,  its  posterior  end  being  thus  made  narrower  than  its 
anterior  portion.  The  posterior  end  of  the  venter  is  blackish,  the 
color  being  continuous  with  that  of  the  upper  surface,  and  extending 
forward  in  a  gradually  narrowing  band,  to  about  the  middle;  on 
either  side  of  this  band,  and  at  the  anterior  end,  the  venter  is  white. 
Legs  and  palpi  pale  with  dark  bands  and  black  tips,  the  first  and 
second  pairs  of  legs  being  darker  than  the  third  and  fourth;  tarsus 
of  the  first  black  with  a  fringe  of  black  hair.     Other  parts  all  pale. 

Habitat:    Mexico. 

LYSSOMANES  MINIACEUS    N.  Sp. 

Plate  XI,  figure  6. 

^  •    Length  of  cephalothorax  3  mm;  of  abdomen  4  mm. 

Legs  10.8,  8.8,  8,  7.8. 

Cephalic  and  thoracic  parts  equally  long.  Quadrangle  of  eyes  one-third 
wider  than  long.  Eyes  of  the  first  row  twice  as  large  as  those  of 
second.  Clypeus  nearly  one-half  as  high  as  anterior  eyes.  Falces 
weak,  nearly  vertical,  about  as  long  as  face;  fang  short.  Maxilldd 
rounded  and  a  very  little  enlarged  at  their  extremities,  excavated  on 
their  inner  sides  for  the  labium.  Labium  a  very  little  longer  than 
wide,  more  than  one-half  as  long  as  maxilla?,  widest  in  the  middle, 
blunt  at  tip.  Legs  stouter  thamis  usual  in  this  genus,  1,  2,  3,  4.  Fe- 
mur of  the  first  but  little  longer  than  femur  of  the  second.  Fringes 
of  hair  on  upper  and  under  sides  of  tibia  of  the  first,  on  under  side 
of  tibia  of  the  second,  and  on  outer  distal  half  of  femur  of  palpus. 

Coloration  (dry);  Upper  surface  of  cephalothorax  pale  brown  with  a 
dark  rim  around  the  lower  margin.  Eye  region  covered  with  bright 
yellowish  red  hairs,  which  surround  the  anterior  eyes.  Clypeus  light 
brown,  with  lower  margin  black.  Upper  surface  of  abdomen  dark 
drab,  with  a  wide,  pale  central  band  extending  through  half  of  its 
length;  under  siirface  dark  brown  with  a  curved,  white,  longitudinal 
band  on  each  side.  Falces  light  reddish.  Sternum  and  coxae  light 
red,  coxae  of  the  first,  deeper  in  color  than  the  others.  Mouthparts 
brown,  tipped  with  pale.  Legs  of  first  pair  red;  of  second,  third  and 
fourth  pairs  red  mingled  with  white,  the  fourth  pair  being  almost  en- 
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« 
tirely  white.     Palpus  red,  excepting  proximal  half  of  femur  which  is 

pale.    Tips  of  legs,  spines  and  fringes  of  hair  on  legs  and  palpi^ 

black. 

Hahitat:    South  America  (near  Rio  Jani«ro). 

From  the  collection  of  M.  Simon. 

LYSSOMANES  AUSTERUS    N.  Sp. 

Plate  XI.  flgrure  7.    Plate  XII,  figure  17. 

i .     Length  of  cephalothorax  2.7  mm.,  of  abdomen  4.5  mm. 

Legs  11.5,  9.5,  9.3,  9.3. 

9 ,    Length  of  cephalothorax  2.8  mm;  of  abdomen  4  mm. 

L^s  9,  7.8,  7.8,  6.9. 

Cephalic  part  not  quite  so  long  as  thoracic.  Quadrangle  of  eyes  one-third 
wider  than  long.  Eyes  of  first  row  three  times  as  large  as  those  of 
second.  Clypeus  one-third  as  high  as  anterior  eyes,  ( ^ )  projecting 
forward  over  the  falces.  Falces  nearly  vertical,  parallel,  as  long  as 
face,  ( S )  moderately  stout,  ( ? )  weak.  Maxillae  rounded  and  a  lit- 
tle enlarged  at  their  extremities.  Labium  longer  than  wide,  rounded, 
narrowing  slightly  toward  its  base,  and  a  little  more  than  one-half  as 
long  as  the  maxillae.  Coxae  of  the  first  separated  (?)  by  a  little  more 
than  width  of  labium ,( ^ )  more  widely.  Legs  1,  2,  3,  4;  femur  of  the 
first  nearly  as  long  as  femur  with  patella  of  the  second;  tibia  of  the 
first  with  a  fringe  of  stout  hairs. 

Coloration  (dry):  s .  Upper  surface  of  cephalothorax  light  brown, 
pale  on  the  anterior  side;  eye  region  with  bright  red  hairs.  Abdo- 
men blackish  with  a  pale  central  longitudinal  band  above,  and  two 
white  longitudinal  lines  on  the  venter.  Falces  brown.  Sternum  and 
coxae  pale.  Mouthparts  dark  tipped  with  white.  First  and  second 
pairs  of  legs  with  first  three  joints  dark  brown  and  the  others  pale; 
third  and  fourth  pairs  dark  brown  with  pale  rings;  tarsi  tipped  with 
black.  Palpus  brown  with  proximal  end  of  femur  pale.  (?)  light 
yellow;  eye  region  covered  with  bright  red  hairs.  Spines  and  tips  of 
legs  black. 

Habitat:    South  America  (near  Rio  Janeiro.) 
From  the  collection  of  M.  Simon. 

LYSSOMANES  MODESTUS    N.  Sp. 
Plate  xn,  figure  10. 

9  •    Length  of  cepalothorax  2  mm;  of  abdomen  3.3  mm. 

Legs  7,  6.5,  6.8,8. 

Cephalic  and  thoracic  parts  equally  long.  Quadrangle  of  eyes  one-third 
wider  than  long.  Eyes  of  first  row  a  little  more  than  twice  as  large  as 
those  of  second.    Clypeus  one-half  as  high  as  anterior  eyes.    Falces 
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weak,  yertical,  parallel,  scarcely  as  long  as  face;  fang  weak.  Maxillaa 
rounded  and  a  little  enlarged  at  their  extremities.  Labium  as  wide 
as  long,  rounded,  almost  one-half  as  long  as  maxillae.  Ck>x£e  of  the 
first  separated  by  but  little  more  than  the  width  of  the  labium.  Legs 
4, 173, 2;  femur  of  the  first  scarcely  longer  than  femur  of  the  second. 

Coloration  (dry):  Upper  surface  of  cephalothorax,  light  yellow;  eye- 
region  surrounded  above  by  a  band  of  bright-red  hairs  covered  in  the 
middle  with  white  hairs.  Clypeus  with  thick  white  hairs.  Abdomen 
&bove  light  brown  or  yellow,  with  silvery  white  hairs;  two  parallel 
longitudinal  bands  of  red  hairs  extend  throughout  its  length,  and 
these  are  connected  by  transverse  bands  of  red  hairs  in  three  places, 
at  the  anterior  and  posterior  ends,  and  in  the  middle.  Legs  light 
yellow  with  brown  spines  and  black  tips.  Other  parts  all  light 
yellow. 
Most  of  our  specimens  have  all  the  hair  rubbed  off  from  the  abdomen, 

which  then  presents  a  plain  light  colored  surface  with  a  few  dark  dots. 

Habitat:    Madagascar. 


LYSSOMANES  TRISTIS    N.  Sp. 


Plate  XII,  figure  12. 


9  .    Length  of  cephalothorax  2.5  mm;  of  abdomen  5  mm. 

Legs  8.5,  7.4,  7,  5. 

Cephalic  part  not  quite  so  long  as  thoracic.  Quadrangle  of  eyes  one-third 
wider  than  long.  Eyes  of  first  row  twice  as  large  as  those  of  second. 
Clypeus  a  little  less  than  one-half  as  higli  as  anterior  eyes.  Falces 
weak,  vertical,  about  as  long  as  face;  fang  short.  Maxilla3  rounded, 
and  a  little  enlarged  at  their  extremities,  excavated  on  tlieir  inner 
sides  for  the  labium.  Labium  about  as  wide  as  long,  blunt,  and  nar- 
rowing a  little  at  the  tip,  and  a  little  more  than  one-half  as  long  as 
maxillae.  Legs  1,  2,  3,  4;  femur  of  the  first  shorter  than  femur  with 
patella  of  the  second. 

Coloration  (dry):  Upper  surface  of  cephalothorax  yellowish -brown;  eye- 
region  and  clypeus  covered  with  snowy  white  hairs.  Abdomen, 
above  and  beneath,  very  light  brown,  probably  covered  with  white 
hairs,  which  in  the  specimens  which  we  have  examined  are  almost 
entirely  rubbed  off.  Legs  pale,  darkening  somewhat  toward  the 
proximal  ends,  with  brown  tips,  and  hght  colored  spines.  Other 
parts  all  pale. 

Habitat:    Brazil. 

From  the  BerUn  collection,  through  the  courtesy  of  Dr.  Ferd.  EZarsch. 
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Sub-Genus  Jelskia. 
A.    Quadrangle  of  eyes  as  long  as  wide,  or  barely  wider  than  long. 


'I 


9< 


Tarsus  of  palpus  five  times  as  long  as  tibia tenuis. 

(Brazil). 
Tarsus  of  paJipus  only  twice  as  long  as  tibia 8 

Falces  very  long  (8  mm) ;  fang  as  long  as  falx Jemineiu. 

(South  America). 

Falces  short;  fang  plainly  shorter  than  falx nigropictua, 

(Amazon). 

FBMAUES. 

Metatarsus  of  the  first  elongated  and  bent jemineiu, 

(South  America). 

Metatarsus  of  the  first  neither  elongated  nor  bent parallelus, 

(South  America). 


LYSSOMANES  TENUIS    N.  Sp. 

Plate  XI,  figure  8. 

6 .    Length  of  cephalothorax  2  mm:  of  abdomen  2.9. 

Legs  13,  9,  8,  10. 

Cephalic  part  as  long  as  thoracic.  Quadrangle  of  eves  as  long  as  wide. 
Eyes  of  first  row  twice  as  large  as  those  of  second.  Second  row  nar- 
rower than  first.  Clypeas  one-fifth  as  high  as  anterior  eyes.  Falces 
nearly  horizontal,  diverging,  a  little  longer  than  face;  fang  as  long  as 
falx.  Maxillae  rounded  and  slightly  enlarged  at  their  extremities, 
excavated  for  the  labium.     Labium  as  wide  as  long,  one  half  as  long 

as  maxillae,  narrowing  at  base,  blunt  at  extremity.  Legs  1,  4,  2,  3; 
femur  of  the  first  longer  than  femur  with  patella  of  the  second;  fe- 
mur, tibia  and  metatarsus  of  the  first,  much  elongated.  Legs  all 
slender.  Spines  growing  gradually  weaker  from  first  to  fourth,  be- 
ing scarcely  more  than  hairs  on  tibia  and  metatarsus  of  the  fourth. 
Palpus  with  patella  and  tibia  more  than  two-thirds  as  long  as  tarsus. 
Spines  on  palpus  as  follows:  femur,  two  spines  at  distal  end,  one  just 
behind  these,  and  a  fourth  in  the  middle;  patella,  one  long  spine  at  dis- 
tal end;  tibia,  one  in  the  middle  and  one  at  distal  end;  tarsus,  two 
spines,  or  long  hairs,  on  dorsum  of  enlarged  part,  one  placed  be- 
hind the  other. 

Coloration  (dry):  Upper  surface  of  cephalothorax,  clypeus  and  abdomen 
black  with  thin,  white  hairs,  the  abdomen  having  a  faintly  indicated 
transverse  band  of  a  lighter  shade  behind  the  middle.  Falces  and 
palpi  dark  brown.  Sternum,  coxae  and  mouthparts,  hght  brown* 
Legs  light  reddish  brown,  with  brown  spines  and  black  tips. 

Habitat:    South  America  (near  Rio  Janiero.)  / 

From  the  collection  of  M.  Simon. 
See  remarks  under  JeUtkia  veiox. 
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LYSSOMANES    JEMINEUS    N.  Sp. 

Plate  XI,  figure  9.    Plate  XII,  flg:ure  14. 

$ .    Length  of  cephalothorax  2.5  mm;  of  abdomen  5  mm. 

Legs  16.3,  12,  11.4, 11.8.     Falces  3  mm. 

9 .  Length  of  cephalothorax  3  mm;  of  abdomen  5  mm.  (Legs  too  badlj 
broken  to  be  measured.) 

Gephalic  part  not  quite  so  long  as  thoracic.  Quadrangle  of  eyes  about  one- 
fifth  wider  than  long.  Eyes  of  first  rovr  three  times  as  large  as  those 
of  second.  Second  row  slightly  narrower  than  first.  Clypeus  nearly 
one-third  as  high  as  anterior  eyes.  Falces  ( $ )  stout,  horizontal, 
three  times  as  long  as  face,  diverging;  fang  as  long  as  falx,  with  a 
double  curve;  (9)  stout,  nearly  vertical,  about  twice  as  long  as  face, 
bulging  in  front,  nearly  parallel;  fang  short.  Maxillae  blunt,  and  a 
little  enlarged  at  their  extremities.  Labium  longer  than  wide,  a  lit- 
tle more  than  one-half  as  long  as  maxillae,  widest  in  the  middle.  Legs 
1, 2, 4,  3;  ( ^ )  femur,  tibia  and  metatarsus  of  the  first  all  much  elon- 
gated, metatarsus  curved;  a  wide  fringe  of  hairs  on  each  side  of  tibia 
and  metatarsus'  of  the  first, less  marked  on  tibia  of  the  second,  and 
much  less  on  metatarsus  of  the  second;  ( 9 )  metatarsus  of  the  first 
long,  curved,  without  hairs,  but  with  longer  and  stouter  spines  than  <$ . 
( 6 )  Palpus  with  femur  as  long  as  falx;  patella  but  httle  shorter  than 
tibia;  patella  and  tibia  two  thirds  as  long  as  tarsus;  a  bunch -of  hairs 
on  outer  side  of  distal  half  of  tibia;  two  spines  at  distal  end  of  femur 
and  one  at  extremity  of  patella. 

Coloration  (under  alcoliol):  Cephalothorax,  reddish  yellow;  cephalic 
part  with  a  band  of  yellowish  white  hairs  on  each  side  below  the 
eyes;  a  large  bright  red  spot  behind  tlie  eyes  of  the  fourth  row  which 
extends  forward  between  them;  and  a  red  spot  on  the  outer  side  of 
each  anterior  eye;  eyes  of  tliird  row  surrounded  by  reddish  liairs. 
Thoracic  part  with  a  dark  brown  central  longitudinal  band  extend- 
ing from  just  behind  fourth  row  of  eyes  to  posterior  margin.  Falces 
reddish  yellow.  Mouth  parts,  sternum  and  coxae  pale  yellow;  abdo- 
men above,  mottled  brown;  sides  pale  yellow;  venter  with  dark  brown, 
median,  longitudinal  band.  Legs  pale  yellow  or  light  brown;  {$) 
black  fringes  of  hair  on  tibiae  and  metatarsi  of  the  first  and  second. 
{6)  Palpus  pale  yellow  excepting  tibia  and  tarsus  which  are  brown. 

Habitat:    South  America. 

From  the  collection  of  M.  Simon. 

The  male  of  this  species  is  easily  distinguished  by  its  elongated  falces, 

and   by  the  double  fringes  of  hair  on  the  first  and  second  pairs  of  legs. 
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LYSSOMANES  NIGROPICTUS    N.  Sp. 

Plate  XI,  figure  10. 

S .    Length  of  cephalothoraz  2.8  mm;  of  abdomen  4  mm. 

Legs  12.5, 11.5, 11.8, 10.8. 

Cephalic  part  as  long  as  thoracic.  Quadrangle  of  eyes  scarcely  wider  than 
long.  Eyes  of  first  row  twice  as  large  as  those  of  second  row.  First 
and  second  rows  equally  wide.  Clypeus  nearly  one-half  as  high  as 
anterior  eyes.  Falces  weak,  parallel,  vertical,  as  long  as  face;  fang 
weak.  MaxillsB  rounded  and  slightly  enlarged  at  their  extremities, 
excavated  on  their  inner  sides  for  labium.  Labium  longer  than 
wide,  about  one-half  as  long  as  maxillse,  blunt  at  tip,  widest  in  the 
middle,  and  narrowing  toward  both  ends.  Coxsb  separated  by  but 
little  more  than  width  of  labium.  Legs  1, 2,  3, 4.  Femur  of  the  first 
scarcely  longer  than  femur  of  the  second.  Palpus  with  patella  and 
tibia  three-fourths  as  long  as  tarsus.  Spine?  on  palpus  as  follows: 
femur,  two  on  dorsum  at  distal  end;  patella,  one  long  spine  at  ex- 
tremity; tibia,  one  behind  middle  on  inner  side,  and  one  at  distal 
end;  tarsus,  two  long  spines  on  dorsum  of  enlarged  part,  placed  side 
by  side. 

Coloration  (under  alcohol):  Upper  surface  of  cephalothorax  with  eye- 
region  white,  and  the  remainder  very  light  brown;  there  is  a  black 
line  around  the  lower  margin  and  a  central  dark  brown  band  from 
the  fourth  row  of  eyes  to  the  posterior  edge.  Upper  surface  of  ab- 
domen white  with  four  pairs  of  brown  spots;  the  first  pair  is  on  the 
anterior  face  of  the  abdomen  and  is  not  plainly  visible  from  above; 
the  third  pair  is  just  behind  the  middle  point  of  the  dorsum;  the 
fourth  pai^  is  just  in  front  of  the  white  spinnerets,  and  the  two  spots 
are  connected  by  a  brown  band.  Legs  white  with  brown  rings  and 
spines  and  black  tips.  Palpus  white  with  a  dark  line  on  each  side  of 
the  femur,  and  having  the  bulb  light  brown,  and  some  dark  hairs  at 
the  extremity  of  the  tarsus.     Other  parts  all  white. 

Habitat:    South  America  (Amazon). 
From  the  collection  of  M.  Simon: 
The  tarsus  of  the  palpus  of  this  species  has  an  arrangement  of  the  spines 

which  is  only  duplicated  in  Jelskia  velox,  the  palpus  differing  from  that  of 

this  species  in  having  no  fringes  of  hair  on  the  patella  and*  tibia.    It  has, 

moreover,  the  first  two  pairs  of  legs  more  nearly  equal  in  length  than  any 

species  excepting  Jelskia  robustaf  from  which  it  is  quickly  distinguished 

by  its  much  lighter  color. 
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LYSSOMA.NES  PARALLELUS.     N.  Sp. 

Plate  Xn,  figure  15. 

9  .    Length  of  cephalothorax  1.9;  of  abdomen  3  mm. 

Legs  9, 7,  7,  — .    (Fourth  leg  missing.) 

Cephalic  part  as  long  as  thoracic.  Quadrangle  of  eyes  scarcely  wider  than 
long.  Eyes  of  first  row  a  little  more  than  twice  as  large  as  those  of 
second.  Second  row  narrower  than  first.  Clypeus  scarcely  one-fifth 
as  high  as  anterior  eyes.  Falces  moderately  stout,  somewhat  in- 
clined forward,  diverging,  as  long  as  face.  MaxillsB  excavated  on 
inner  sides  for  labium;  extremities  rounded,  near  together,  but  little 
enlarged.  Labium  but  little  longer  than  wide,  truncated,  a  little 
more  than  one-half  as  long  as  labium.  Legs  1,  2,  3,  — ;  femur  of 
the  first  as  long  as  femur  with  patella  of  the  second. 

Coloration  (dry):  Eye  region  covered  with  mixed  red  and  white  hairs; 
upper  surface  of  thoracic  part  brown,  glabrous,  with  a  pale  trans- 
verse band  just  behind  the  fourth  row  of  eyes;  sides  pale  excepting 
lower  margin,  which  is  brown.  Clypeus  covered  with  white  hairs. 
Abdomen  pale  with  two  longitudinal  brown  bands  originating  separ- 
ately at  the  base  and  meeting  at  the  apex.  Falx  yellowish  brown 
with  a  fringe  of  red  hairs  at  extremity.  Mouthparts  light  brown. 
Sternum,  coxsb,  and  venter  pale  yellowish.  Legs  pale;  first  leg  and 
femur  of  second  with  a  dark  line  on  each  side;  spines  brown,  tips 
black.    Palpus  pale  excepting  tarsus,  which  is  light  brown. 

Habitat:    South  America. 
From  the  collection  of  M.  Simon. 

B.     Quadrangle  of  eyes  from  one-fifth  to  one-third  wider  than  long. 
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MAUES. 

Tarsus  of  palpus  five  times  as  long  as  tibia. . . 
Tarsus  of  palpus  only  tirice  as  lung  as  tibia. 


velox. 

(Brazil). 

2 


Femur  of  the  first  as  long  as  femur  and  patella  and  one-half  tibia  of 

■  the  second lonaipes. 

(French  Guiana). 
Femur  of  the  first  scarcely  longer  than  femur  of  the  second 3 


Legs  18  4  2. 
Legs  12  3  4. 


robustua. 

(Peru). 

amazonicua. 

(▲mazon). 


FEMALES. 

Eyes  of  first  row  three  times  as  large  as  those  of  second;  eyes  of 
fourth  row  a  little  smaller  than  those  of  second 

Eyes  of  first  row  only  twice  as  large  as  those  of  second;  eyes  of  fourth 
row  as  large  as  those  of  second 


amazontcua. 
(Amazon). 

blandtu. 
(GuatenuUa). 
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LYSS0MAjra3  VELOX    N.  Sp. 
Plate  XI,  figure  11. 

e .    Length  of  cephalothorax  2.7  mm.;  of  abdomen  4  mm. 
Legs  14,  18.2,  15, 15.5. 

Cephalic  part  plainly  shorter  than  thoracic.  Quadrangle  of  eyes  a  little 
more  than  one-third  wider  than  long.  Eyes  of  first  row  three  times 
as  large  as  those  of  second.  First  and  second  rows  equally  wide, 
dypeus  one-fourth  as  high  as  anterior  eyes.  Falces  weak,  nearly 
vertical,  parallel,  a  little  longer  than  the  face;  fang  weak.  MftYill^ 
slightly  enlarged  beyond  the  middle,  rather  pointed,  very  little  exca- 
vated  on  their  inner  edges.  Labium  a  little  longer  than  wide,  one- 
half  as  long  as  maxillaB,  a  little  narrower,  and  blunt  at  tip.  Legs 
long  and  slender,  4,  3, 1,  2;  femur  of  the  first  about  as  long  as  femur 
of  the  second.  Palpus  with  patella  and  tibia  one-half  as  long  as  tar- 
sus; patella  and  tibia  with  fringe  of  hairs  on  outer  edge;  those  on 
tibia  pointing  downward  and  outward,  those  on  patella  on  a  higher 
plane,  and  pointing  forward.  Spines  on  palpus  as  follows:  femur, 
one  spine  at  distal  end,  another  just  behind  this  one,  and  a  third 
about  in  the  middle  of  the  joint;  patella,  one  spine  at  distal  end,  in 
the  middle;  tibia,  one  at  distal  end  and  one  in  the  middle  on  the 
outer  edge;  tarsus  two  long  spines  on  the  dorsum  of  the  enlarged 
part,  placed  side  by  side. 
Coloration  (under  alcohol):  Inter-ocular  region  pale,  almost  white; 
thoracic  part  and  sides  brown,  growing  much  darker  toward  lower 
margin.  Clypeus  brown  with  a  black  line  above  falces.  Abdomen, 
above,  with  sides  white,  and  a  large  white  spot  at  anterior  end  which 
contracts  behind  to  form  a  long  point;  dorsum  occupied  by  a  wide 
brown  band  which  bifurcates  in  front  to  surround  the  white  spot. 
Falces  brown  with  white  extremities.  Mouthparts  dark  brown. 
CoxsB  of  the  first  brown;  other  coxsb,  and  sternum,  white.  Venter 
pale,  excepting  at  posterior  end  where  it  is  brown.  Legs  with  upper 
faces  of  femora  and  tarsi  pale;  otherwise  brown.  Palpus  dark  brown. 
Habitat:  Brazil. 
From  the  collection  of  If.  Simon. 

This  species  and  Jelskia  tenuis  are  easily  distinguished  from  other  mem- 
bers of  this  genus  by  their  dark  color  and  elongated  legs;  while  velox  ia 
distinguished  from  tenuis  by  the  hairs  on  the  patella'  and  tibia  of  the  pal« 
pas,  and  by  the  position  of  the  spines  on  the  tarsus  of  the  palpus,  these 
being  placed  side  by  side  in  velox  and  one  behind  the  other  in  tenuis. 
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LYSSOMANES  LONGIPES    Tacz.  1874. 

Plate  XI,  figure  12. 

Jelskia   longipes  Tacz.,  1874.    Les  Arandides  de   la   Gujane   fran^aise, 
Horae  Soc.  Entomol.  Ross.,  T.  VIII,  p.  32-132. 

6 .    Length  of  cephalothorax  2  mm;  of  abdomen  3.2  mm. 

Legs  12.4,  8.3,  7.7,  8. 

Cephalic  part  as  long  as  thoracic.  Quadrangle  of  eyes  one-fifth  wider 
than  long.  Eyes  of  first  row  a  little  more  than  twice  as  large  as 
those  of  second.  Second  row  narrower  than  first.  Clypeus  about 
one  fifth  as  high  as  anterior  eyes.  Falces  very  weak,  vertical,  par- 
allel, as  long  as  face;  fang  short.  Maxillae  rounded,  and  a  very  little 
enlarged  at  their  extremities,  excavated  on  inner  sides  for  labium. 
Labium  as  wide  as  long,  one-half  as  long  as  maxillae,  blunt.  Legs  1, 
2,  4,  3;  femur  of  the  first  very  long,  equalling  femur  with  patella  and 
half  tibia  of  the  second.  Palpus  with  patella  and  tibia  about  equal 
in  length;  imtella  and  tibia  three-fourths  as  long  as  tarsus,  spines  on 
palpus  as  follows:  Femur,  two  at  distal  end,  and  one  in  the  middle  of 
the  dorsum,  all  sliort;  patella,  one  at  extremity;  tibia,  one  long  hair 
in  the  middle,  and  one  at  extremity;  tarsus,  one  longhair  on  dorsum 
of  enlarged  part. 

Coloration  (under  alcohol):  Upper  surface  of  cephalothorax  deep  red- 
dish yellow,  with  a  narrow  black  line  around  lower  edge  and  an- 
other on  the  central  thoracic  region;  eyes,  as  usual,  on  black  spots. 
Abdomen  above,  with  a  blackish  region  at  the  extremity  in  front  of 
which  is  a  whit^  band;  the  remainder  of  the  dorsum  is  blackish  ex- 
cepting three  white  spots,  one  elongated,  large,  one  on  the  anterior 
central  part,  and  two  smaller,  which  come  off  obliquely  from  the 
posterior  corners  of  the  first  one.  Spinnerets  white.  Ventral  surface 
white  excepting  at  the  extremity  where  it  is  blackish.  Sternum, 
mouthparts,  and  falces  yellow.  Legs  light  yellow  with  brownish 
spines  and  tips.  Palpus  pale  with  the  bulb  reddish  brown. 
When  dry,  the  eye-region  is  seen  to  be  covered  with  white  hairs.     The 

abdomen  is  also  thinly  covered  with  short  white  hairs. 

Habitat:    French  Guiana. 
From  the  collection  of  Dr.  Taczanowski. 
This  species  is  distinguished  by  the  great  relative  length  of  the  first  pair 

of  legs,  and  especially  by  the  elongation  of  the  femora  of  that  pair. 
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LYSSOMANES  ROBUSTUS  Tacz.     187d. 

Plate  xr,  figure  18.    Plate  Xn,  figure  7. 

Jelflkia  robusta  Tacz.    Les  Araii6ides  du  P6rou.    Bull,  de  la  Soc.    Imp. 
des  Nat.  de  Moscou,  T.  L  III,  1878,  No.  4,  p.  373. 

$ .    Length  of  cephalothorax  2.3  mm;  of  abdomen  3  mm. 

Legs  9.2,  8.6,  8.8,  8.7. 
'  Cephalic  part  a  little  shorter  than  thoracic.  Quadrangle  of  eyes  nearly 
one-fourth  wider  than  long.  Eyes  of  first  row  twice  as  large  as  those  of 
second.  Eyes  of  second  row  placed  directly  above  those  of  first, 
forming  a  row  equally  wide,  looking  forward.  Clypeus  only  a 
line.  Falces  very  weak,  vertical,  parallel,  as  long  as  face;  fang 
very  short.  Maxillae  and  labium  unusually  short.  Maxillse 
roimded  and  a  little  enlarged  at  their  extremities,  which  are  quite 
close  together,  excavated  on  their  inner  sides  for  the  labium. 
Labium  a  little  longer  than  wide,  rounded  at  tip,  one-half  as  long  sb 
maxillae.  Legs  1,  3,  4  2;  femur  of  the  first  not  quite  so  long  as  femur 
with  patella  of  the  second.  Palpus  with  patella  and  tibia  equally 
long;  patella  and  tibia  two-thirds  as  long  as  tarsus.  Tibia  with  a 
stout  fringe  of  hairs  on  the  outer  edge.  Tarsus  with  one  spine  on 
dorsum  of  enlarged  part  behind  middle. 

Coloration  (dry):  Upper  surface  of  cephalothorax  jet  black,  with  two 
indistinct  brownish  spots  on  thoracic  part,  and  a  few  long  white  hairs 
on  eye-region.  Clypeus  black.  Abdomen  above,  black,  thinly  cov- 
ered with  whitish  hairs,  and  having  two  indistinct  brownish  spots 
behind  the  middle.  Falces  black  with  extremities  and  fangs  pale 
yellow.  Mouthparts  black;  sternum  black  with  a  large  pale  yellow 
spot  in  center.  Venter  pale  yellowish,  excepting  the  anterior  and 
posterior  ends,  which  are  pale.  Legs  light  yellow,  excepting  tarsus 
of  the  first,  and  tips  of  other  legs  which  are  black.  Palpus  black, 
except  that  part  of  the  tarsus  which  projects  beyond  the  bulb  which 
is  pale  yellow. 

Habitat:    Peru. 
From  the  collection  of  Dr.  Taczanowski. 
The  jet  black  body  and  pale  legs  of  this  species  quickly  distinguish  it  from 

all  members  of  this  group. 
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LYSSOMANES  AMAZONICUS     N.  Sp. 
Plate  Xn,  flgrures  1, 10. 

S .    Length  of  cephalothorax  2.5  mm;  of  abdomen  4.4  mm. 

Legs  12.5,  11,  10.8,  10.8. 

$ .    Length  of  cephalothorax  2.5  mm;  of  abdomen  5  mm. 

Legsll.S,  10,  9.4,  9.2. 

Cephalic  part  ( ^ )  as  long  (9)  not  quite  so  long  as  thoracic.  Quadrangle  of 
eyes  one-fifth  wider  than  long.  Eyes  of  first  row  three  times  as 
large  as  those  of  efecond.  Second  and  first  rows  equally  wide.  Cly- 
peus  one-third  as  high  as  anterior  eyes.  Falces  rather  stout,  diverg- 
ing, ^not  quite  vertical,  one-third  longer  than  face;  on  the  front  of 
each  falx  just  above  insertion  of  fang,  is  a  line  of  three  stout  hairs. 
MazillsB  rounded  and  a  little  enlarged  at  their  extremities.  Labium 
longer  than  wide,  blunt  and  slightly  narrower  at  extremity,  and  a 
little  more  than  one-half  as  long  as  maxillae.  Legs  1,  2,  8,  4;  femur 
of  the  first  not  so  long  as  femur  with  patella  of  the  second.  ( ^  ) 
Palpus  with  tibia  plainly  longer  than  patella;  patella  and  tibia  plainly 
less  than  one-half  as  long  as  tarsus.  Femur  with  two  spines  at  distal 
end  and  one  in  the  middle;  patella  with  one  long  hair  at  extremity; 
tibia  with  one  stout  hair  at  distal  end  on  inner  side. 

Coloration  (under  alcohol):  s  .  Light  yellow.  Eye-region  covered  with 
white  hairs;  there  is  an  abbreviated  central  longitudinal  black  line 
on  the  thoracic  region,  and  a  black  line  around  the  lower  margin. 
The  abdomen  has  two  longitudinal  brown  bands  throughout  its  length 
which  are  enlarged  at  the  middle  point  and  again  at  the  posterior 
end  to  form  two  pairs  of  spots.  The  spinnerets  are  brown.  The 
legs  grow  darker  toward  their  extremities  and  are  tipped  with  black. 
9  .  Yellowish  white.  Cephalothorax  like  5  excepting  that  there  is 
no  dark  marginal  line.  Abdomen  with  two  pairs  of  brown  spots,  and 
with  the  spinnerets  pale.  The  color  is  paler  and  the  marks  less  dis- 
tinct than  in  the  S  . 

Habitat :    South  America    (Amazon). 
From  the  collection  of  M.  Simon. 
The  male  of  this  species  differs  from  all  others  in  the  greater  relative 

length  of  the  tarsus  of  the  palpus,  the  tarsus  being  more  than  twice  as 

long  as  the  patella  and  tibia  together. 


Spiders  of  the  Sub  Family  Lyssomance.  24:1 

LYSSO MANES  BLANDUS    N.  Sp. 

Plate  XII,  figure  13. 

?  .    Length  of  cephalothorax  2.8  mm.;  of  abdomen  4.6  ram. ' 

Legs  12.3,  10,  9.6,  9.6. 

Cephalic  part  as  long  as  thoracic.  Quadrangle  of  eyes  one-fourth  wider 
than  long.  Eyes  of  first  row  twice  as  large  as  those  of  second.  First 
and  second  rows  equally  wide.  Clypeus  one-half  as  high  as  anterior 
eyes.  Falces  robust,  nearly  horizontal,  one  and  one-half  times  as 
long  as  face.  Maxillas  a  little  enlarged  and  roumled  at  their  extremi- 
ties, slightly  excavated  on  their  inner  sides.     Labium  longer  than 

* 

wide,  a  little  more  than  one-half  as  lon'jj  a.?  maxillae,  widest  in  the 
middle,  blunt  at  extremity.  Legs  1, 2,  3,  4;  femur  of  the  first  shorter 
than  femur  with  patella  of  the  8«M5()iid. 

Coloration  (under  alcohol):  .Ceplialothorax  light  yellow;  eye  region  sur- 
rounded with  red  and  white  hairs;  anterior  thoracic  part  with  a  dark 
central  longitudinal  line.  Abdomen  white  with  scattered  light  brown 
hairs;  on  the  posterior  part  of  the  dorsum  are  two  abbreviated,  long- 
itudinal, light  brown  bands,  and  there  are  some  irregular,  light 
brown  spots  on  the  anterior  part.  Falces,  legs,  palpi,  mouthparts 
and  sternum  all  pale  yellow. 

Habitat:    Guatemala. 


GENUS  ASAMONEA  (Cambridge)    Simon. 

Cephalothorax  low;  cephalic  plate  usually  but  little  higher  than  thorax,  oc- 
cupying a  little  more  than  one-third  of  the  cephalothorax. 

Eyes  in  four  transverse  rows  of  two  each.  Eyes  of  first  row  close  together, 
from  two  and  one-half  to  three  times  as  large  as  those  of  second  row 
(relatively  larger  than  in  Lyssomanes),  occupying  the  entire  face. 
Second  row  of  eyes  wider  than  first.  Eyes  of  third  row  much  nearer 
the  second  than  the  fourth  and  much  nearer  together  tlian  those  of 
second  row;  third  row  narrower  than  second,  and  sometimes  wider, 
sometimes  narrower  than  fourth.  Eyes  of  fourth  row  about  as 
large  as  those  of  second  and  nearer  together.  Quadrangle  formed  by 
second  and  fourth  rows,  at  least  t  »vice  as  wide  as  long. 

Sternum  little,  if  any,  longer  than  wide ,  truncated  in  front. 

Coxae  separated  by  the  width  of  the  labium  and  part  or  all  of  that  of  the 
maxillae . 

Labium  at  least  as  wide  as  long. 

Abdomen  long,  slender,  tajwring. 

Legs  slender;  (5)1482  or  1423;(?)  fourth  leg  longest,  others  nearly  equal. 

Femoral,  tibial,  metatarsal  and  sometimes  patellary  spines  on  the  four 

pairs. 

P 


242        Wisconsin  Academy  of  Sciences,  Arts  and  Letters. 

A.    Eyes  of  third  row  but  little  smaller  than  those  of  the  fourth. 


UALXa. 


General  color  light;  integument  covered  with  silvery  hairs pueUa. 

(South  Africa). 

Qeneral  color  dark tenuipe». 

(Ceylon.) 


FBMAUES. 


(  First  and  third  legs  equal.* tenuijyejt. 

1-J  (Ceylon). 

/  First  and  third  legs  not  equal j} 


■1 


Legs  4  12  3 puella. 

2-{                                                            ,  (South  Africa). 

Iieg8not4  128 8 


8 


Legs  4821 punctata. 

(M  auagascar ) . 

Legs  4  2  8  1 omcitumma. 

(Madagascar). 

ASAMONEA  PUELLA    Simon.    1885. 

Asamonea  puella  Simon.     Bull,  de  la  Soc.  Zool.  1885,  T.  X.  p.  27. 
Having  no  mature  specimen  of  this  species  we  translate  the  following 

description  from  Simon: 

$  .  ^  Length  6  mm.  Cephalothorax  yellowish  testaceous  narrowly  bordered 
with  brownish,  with  the  ceplialic  part  covered  witli  yellow  hair,  and 
having  on  each  side  a  large  black  three-lobed  spot  which  surrounds 
the  eyes;  the  thoracic  x>art,  above,  with  two  lines  covered  with  thin  red 
hairs  which  come  together  posteriorly.  Clyp)eus  veiy  high ,  smooth  be- 
hind the  falces,  above  the  eyes  densely  pubescent,  in  the  middle  silvery, 
on  each  side  reddish.  Abdomen  steeply  elongate,  covered  with  hairs 
which  are  whitish  testaceous  and  silvery  white,  adorned  above  with 
two  lines,  prettily  intoiTupted  with  red.  Spinnerets  tt^staceous,  upper 
ones  brownish.  Falces  yellow  testaceous,  cut  transversely  by  a  black 
band  in  front.  Sternum  testaceous.  Legs  testaceous,  femora  with 
brownish  lines  below;  tibia  of  fourth  from  base  to  apex,  minutely 
dotted  with  brown;  abundantly  armed  with  long  and  delicate  spines. 
Palpi  testaceous  with  tlie  stout  femur  armed  below,  back  of  tlie  mid- 
dle, with  an  obtuse  tubercle;  patella  short;  tibia  not  longer  than 
patella,  sliglitly  thicker  on  the  outside  and  enlarged  into  a  keel- 
shajied  laminate  apopliysis  whicli  is  a  little  tliickened  and  obtuse  in  the 
middle  and  very  shar[)ly  prolonged  above;  the  large  tarsus  longer  than 
the  femur  and  much  thicker,  convex  and  attenuated  longitudinally 
with  a  large  convex  bulb. 

9  .  Length  7  mm.  Cephalothorax  with  no  lines  on  thoracic  part.  Cly- 
peus,  behind  falces  smooth,  above  eyes  covered  all  over  witli  silvery 
hair.  Falces  and  legs  uniform  yellow  testaceous  without  lines  or  six>ts. 
Region  of  epigynum,  anteriorly,  with  a  transverse  pit  obtusely  tri- 
angular and  much  broader  than  long;  posteriority,  a  shining  reddish 
transverse  spot. 
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ASAMONEA  TENUIPES    Camb.     1869. 
Plate  Xn,  figures  5, 19, 10a,  19b. 

Ltssomanbs  tenuipes  Camt>.,  Ann.  and  Mag.  Nat.  Hist.  S.  4,  vol.  3,  p,  65. 

S .    Length  of  cephalothorax  1.5  mm;  of  abdomen  2  mm. 

Legs  6,  5,  5,  5.3. 

9 .    Length  of  cephalothorax  1.7  mm;  of  abdomen  3  mm. 

Legs  5.5,  — ,  5.5,  — .    (Second  and  fourth  wanting.) 

Cephalic  part  scarcely  more  than  one-half  as  long  as  thoracic,  m  6  with 
front  and  sides  projecting  Uke  carapace  of  turtle.  Quadrangle  of 
eyes  twice  as  wide  as  long.  Eyes  of  first  row  two  and  one-half  times 
as  large  as  those  of  second  row.  Clypeus  about  one-half  as  high 
as  anterior  eyes.  Falces  very  weak,  s  inclined  backward,  9 
vertical,  S  scarcely  as  long  as  face,  almost  quadrate,  9  as  long  as 
face;  fang  very  weak.  Maxillae  8hort,'truncated,  6  a  little  narrower, 
9  a  little  wider  at  their  extremities.  Labium  wider  than  long,  wider 
in  S  than  in  ?  ,  ^  one-third,  9  a  little  less  than  one-half  as  long  as 
maxillae,  blunt  at  extremity.  Legs,  ,5  1,4,  3,  2;  9  first  and  third 
equal.  Coxae  of  the  first  separated  by  the  width  of  maxillae  and 
labium.  Femur  of  the  first  plainly  shorter  than  femur  with  patella 
of  the  second.    Superior  spinnerets  elongated,  in  $  .  curved  upward. 

Coloration  (dry):  6,  Cephalothorax  dark  brown,  covered  with  whitish 
iridescent  scales;  a  pale  central  band  extends  from  the  anterior  eyes 
to  the  posterior  border,  and  from  this,  curved  white  bands  extend 
around  the  outer  sides  of  the  eye- region;  the  anterior  part  of  the  eye- 
region  is  covered  with  long  white  hairs.  Clypeus  covered  with 
highly  iridescent  scales.  Palpi,  dark  brown.  Sternum  and  coxae, 
pale.  Abdomen,  above  and  below,  dark  brown,  shading  to  blackish 
on  the  sides,  with  a  wide  irregular  pale  ring  near  the  posterior  end: 
apex  and  curved  spinnerets  jet  black;  the  whole  abdomen  is  thinly 
covered  with  iridescent  scales  like  those  on  the  cephalothorax.  Legs 
pale  yellow;  those  of  the  first  and  second  pairs  have  three  black  spots 
on  the  posterior  side,  one  at  the  distal  end  of  the  femur,  one  at  the 
proximal  and  one  at  the  distal  end  of  the  patella;  the  tips  of  all  the 
legs  are  black.  Spines  yellow. 
9  .  Light  yellow  with  thick  snowy  white  hairs  on  eye  region  and  clypeus. 
Legs^tippedjwith  black. 

Habitat:    Ceylon. 
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ASAMONEA  PUNCTATA    N.  Sp. 
Plate  12,  figure  20. 

9  .     Length  of  cephalothorax  2.8  mm;  of  abdomen  5  mm. 

Legs  8.7,  9,  9.5,  10.5. 

We  have  also  an  immature  s  of  this  species. 

Cephalic  part  a  little  more  than  one-half  as  long  as  thoracic.  Quadrangle 
of  eyes  more  than  twice  as  wide  as  long.  Eyes  of  first  row  three 
times  as  large  as  those  of  second  row.  Clypeus  fully  one-half  as 
high  as  anterior  eyes.  Falctis  weak,  vertical,  parallel,  as  long  as 
face;  fang  weak.  Maxillae  rounded,  a  little  enlarged  at  their  ex- 
tremities. Labium  rounded,  $  wider  than  long,  9  as  wide  as  long; 
less  than  one-half  as  long  as  maxillae.  Legs  4,  3,  2, 1;  femur  of  the 
first  shorter  than  femur  of  the  second.  Spines  unusually  long  and 
stout. 

Coloration  (under  alcohol):  ?.  Pale  yellow,  with  an  indistinct  dark 
median  line  on  the  thoracic  part  of  the  cephalothorax,  and  three 
equi- distant  pairs  of  dark  brown  dots  on  the  abdomen  arranged  in 
two  lines  of  three  dots  each,  the  posterior  pair  of  dots  being  only  a 
little  behind  the  middle  of  the  abdomen.  The  tips  of  the  legs  are 
black,  but  the  spines  are  light  colored.  When  the  spider  is  dried  a 
small  tuft  of  black  hairs  becomes  visible  at  the  anterior  end  of  the 
abdomen,  s .  Upper  surface  of  cephalothorax  light  brown,  ex- 
cepting on  eye- region  and  anterior  thoracic  part,  where  it  is  pale 
yellow;  on  each  side  of  the  posterior  thoracic  part  are  two  dark 
brown  dots.  Abdomen  with  four  pairs  of  dark  brown  dots  at  equal 
(listiince.s  between  the  two  ends,  the  first  three  pairs  converging 
toward  the  ])osterior  end,  the  two  dots  of  the  fourtli  pair  l)eing 
l)laced  further  apart  than  any  of  the  others.  Probably  a  fourth  pair 
of  dots  has  been  effaced  from  the  abdomen  of  our  female  sj)e(dmen. 

Habitat:    Madaga.soar. 

ASAMONEA  ORNATISSIMA  N.  Sp. 

Plate  XII,  figure  2j2. 

?  .     Length  of  cephalotliorax  2  mm;  of  abdomen  3  mm. 

Legs  6.2,  6.6,  0.4,7. 

Cephalic  part  a  little  more  than  one-half  as  long  as  thoracic.  Quadrangle 
of  eyes  twice  as  wide  as  long.  Eyes  of  first  row  al>out  two  and  one- 
half  times  as  large  as  those  of  second  row.  Clypeus  nearly  one-third 
as  high  as  anterior  eyes.  Falces  weak,  i)arallel,  vertical,  as  long  as 
the  face,  fang  weak.  Maxillse  rounded  and  very  little  enlarged  at 
their  extremities.  Labium  rounded,  wider  than  long,  less  than  one- 
half  as  long  as  maxillae.  Legs  4,  2,  8,1;  femur  of  the  first  about  iis 
long  as  femur  of  the  second.  Spines  growing  more  slehder  from 
the  first  leg  to  the  foui*th. 
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Coloration  (dry):  Eye  region  covered  with  hairs  of  a  rich  brownish  red 
color,  with  a  wide  central  band  of  silver  hairs  extendinp^  bet  ween  the 
eyes  of  the  third  row;  thoracic  part  pale,  without  hairs.  Clypeus 
with  a  band  of  silver  hairs.  Falces,  and  entire  under  side,  pale  yel- 
low. Upper  surface  of  abdomen  covered  with  hairs  of  a  rich  brown- 
ish red,  encircled  by  a  band  of  silvery  hairs,  and  having  three  spots 
of  silvery  hairs  on  the  dorsum,  the  anterior  one  being  the  smallest, 
and  the  second  and  tliird  broader.  Legs  pale,  with  light  brown 
spines  and  black  tips. 

Habitat:    Madagascar. 

B.  Eyes  of  third  row  much  smaller  than  those  of  fourth  (not  more  than 
one-third  as  large.) 

Under  this  head  we  have  only  two  individuals  of  different  sexes.  The 
male  is  gracilis,  French  Guiana,  and  the  female  /fdva,  Central  America. 


ASAMONEA  GRACILIS    Tacz.  1875. 

PlaU;  XII,  flsrure  2. 

Jelskia  gracilis  Tacz. ,  Les  Araneides  de  Guyane  f ran<;aise,  Horae  Soc.  Ent. 

Ross.,  T.  Vni,  pp.  32-132. 
$  .     Length  of  cephalothorax  1.8  mm. ;  of  abdomen  4  mm. 

Legs  11,9,  10.8,  10.4. 

Cephalic  part  not  quite  so  long  as  thoracic.  Quadrangle  of  eyes  more  than 
twice  as  wide  as  long.  Eyes  of  the  first  row  three  times  as  large  as 
those  of  second  row,  projecting.  Clypeus  nearly  one-half  as  high  as 
anterior  eyes.  Falces  very  weak,  vertical,  as  long  as  face;  fang  weak. 
Maxillae  rounded  and  a  little  enlarged  at  tlieir  extremities,  slightly 

« 

inclined  toward  labium.  Labium  as  wide  as  long,  about  one-half  as 
long  as  maxillse.  Maxilliai  and  labium  unusually  short.  Legs  1,  4, 
3,  2,  very  long  and  fine:  Coxa?  of  the  first  more  widely  separated 
than  usual  —  by  fully  the  width  of  maxillte  and  labium.  Femur  of 
the  first  about  as  long  as  femur  with  patella  of  the  second. 

Coloration:  Cephalothorax  and  abdomen,  lx)th  a))Oveand  benejith,  polished 
black,  with  bluish  iridescent  reflections.  Legs  very  pale  yellow  with 
pale  spines  and  hairs;  on  the  upper  surface  of  the  first  leg  a  black 
line  begins  on  the  trochanter  and  extends  throughout  half  the  length 
of  the  femur;  there  is  a  similar  line  on  the  upper  surface  of  the 
second  leg,  but  here  it  is  much  shorter  and  finer.  Falces  pale  yellow 
with  a  black  spot  on  the  anterior  face  of  each.  Mouthparts  pale 
yellow.  Palpus  black  excepting  tlie  tarsus,  which  is  light  reddish 
yellow. 

Habitat:    French  Guiana. 

From  the  collection  of  Dr.  Taczanowski. 
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ASAMONEA  FLAVA    N.  Sp. 

Plate  XII,  figure  18. 

S* .    Length  of  cephalothorax  1.8  mm;  of  abdomen  3.8  mm. 

Legs  11.8,  10.8,  11.6,  13. 

Cephalic  part  a  little  more  than  one-half  as  long  as  thoracic.  Quadrangle 
of  eyes  twice  as  wide  as  long.  Eyes  of  first  row  two  and  one-half 
times  as  large  as  those  of  second  row.  Clypeus  one-third  as  high  as 
anterior  eyes.  Falces  weak,  shorter  than  face,  slightly  inclined  back- 
ward. MaxillsB  tmncated,  and  a  little  enlarged  at  their  extremities. 
Labium  a  little  wider  than  long,  less  than  one-half  as  long  as  maxilla;, 
rounded.  Legs  4,  1,  3,  2.  Femur  of  the  first  scarcely  longer  than 
femur  of  the  second.  Spines  very  few  in  number,  and  extremely 
weak,  scarcely  more  than  hairs.  The  abdomen,  which  is  somewhat 
injured,  seems  to  have  been  cylindrical  in  shape  and  truncated  be- 
hind. Superior  spinnerets  not  so  much  elongated  as  is  usual  in  this 
genus. 

Coloration  (under  alcohol):  Light  yellow;  on  all  the  legs  the  tibial  joints 
have  two  dark  brown  spots  at  each  end;  the  metatarsi  have  two 
brown  spots  at  the  proximal  end  and  the  metatarsus  of  the  first  has 
one  brown  spot  at  the  distal  end;  the  tarsi  of  all  the  legs  have  the  dis- 
tal fifth  dark  brown.    Spines  matching  the  legs  in  color. 

Habitat:    Central  America. 


LYSSOMANES  FALLENS    Blackwall.    1887. 

Lyssoraanes  pallens,  Blackwall,  Proc.  Royal  Irish  Acad.,  1877,  Vol.   Ill, 
Ser.  2,  p.  6. 
Having  no  specimen  of  this  species,  we  are  unable  to  determine  its  genus, 
although,  to  judge  from  tlie  drawings,  it  belongs  to  the  second  division  of 
Asamonea.     We  cjuote  tlie  whole  description  as  given  by  Blackwall: 
*'  Length  of  an  immature  male  (not  including  the  spinners),  one-fifth  of  an 
inch;   length  of  the  cepholothorax,   one- sixteenth;  breadth,  one- six- 
teenth; breadth  of  the  abdomen,  one-twentieth;  length  of  a  posterior 
leg,  one-fourth;  length  of  an  anterior  leg,  five-twenty-fourtlis.     The 
color  of  this  spider   is  white  tinged  with  yellow,  particularly  on  the 
sides  and  base  of  the   cephalothorax.     The  eyes  are  disi)Osed  on  the 
anterior  part  of  the  cephalothorax;  two,  which  are  situated  in  front, 
are  much  the  largest,  and  are  prominent,  pellucid,  and  almost  in 
contact;  on  each  side  of  the  upper  part  of  the  cephalic  region  these 
eyes  are  placed  in  the  form  of  an  irregular  triangle,  on  'small  tuber- 
cles seated  on  confluent  black  spots,  the  intermediate  eye,  constitut- 
ing the  vertex  of  an  obtuse  angle,  being  the  smallest  of  the  eight. 
The  cephalothorax  is  somewhat  quadrate,  convex,   glossy,  slightly 
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rounded  on  the  sides  and  at  the  base,  and  moderately  elevated  m  the 
cephalic  region.  The  falces  are  small,  sub-conical,  and  inclined  to- 
ward the  sternum,  which  is  broad,  convex,  and  heart-shaped;  the 
maxillae  are  short,  rounded  at  the  extremity,  and  inclined  toward 
the  lip,  which  is  somewhat  quadrate,  being  broader  at  the  base  than 
at  the  apex.  The  legs  are  slender,  and  provided  with  hairs  and  long 
spines,  two  parallel  rows  of  the  latter  extending  along  the  inferior 
surface  of  the  tibia  and  metatarsus  of  the  first  and  second  pairs;  each 
tarsus  is  terminated  by  two  minute,  curved  claws,  below  which  there 
is  a  small  black  scopula.  The  abdomen  is  long,  sub-cylindrical,  and 
has  a  few  short,  pale  hairs  distributed  over  its  surface.  The  superior 
spinners  are  the  longest,  and  their  terminal  joint,  which  is  pointed, 
has  the  spinning-tubes  arranged  on  its  inferior  surface.  The  palpi  of 
the  specimen  from  which  the  description  was  made  were  very  tumid, 
but  the  palpal  organs  were  not  developed,  indicating  that  it  proba- 
bly had  to  undergo  its  final  change  of  integument  before  it  arrived  at 
maturity;  the  radial  was  stronger  than  the  cubital  joint,  and  promi- 
nent in  front." 

GROUP  II.     ATHAMII. 

GENUS  ATHAMAS    Cambridok. 

Cephalothorax  high,  short,  quadrate,  very  convex  above,  sloping  steeply  be- 
hind and  on  the  sides.  Caput  occupying  at  least  one-half  of  cephalo- 
thorax.  Eyes  arranged  in  four  transverse  rows  of  two  each.  Eyes  of 
first  row  large  and  close  together.  Eyes  of  second  row  two-thirds 
as  large  as  those  of  first,  forming  a  wider  row.  Eyes  of  third  row 
half  way  between  second  and  fourth  rows,  and  about  one-third  as 
large  as  those  of  fourth  row.  Eyes  of  fourth  row  smaller  than  those 
of  second  and  nearer  together.  Quadrangle  formed  by  second  and 
fourth  rows  as  long  as  wide.     Labium  about  as  wide  as  long. 

ATHAMAS  WHITMEEI    Cambridge.     1887. 

Plate  XII,  figures  8,  11. 

Athamas  whitmeei  Camb.,  Proc.  Zool.  Sdc.  of  London,  1877,  p.  576. 

6  .     Length  of  cephalothorax  1.6  mm;  of  abdomen  1.4  mm. 

9  .     Length  of  cephalothorax  1.25  mm;  of  abdomen,  1.75  mm.* 

Legs  3.5,  2.5,  2.5,  3. 

6  .  Cephalic  part  a  little  longer  than  thoracic.  Clypeus  one-half  as  high 
as  anterior  eyes.  Falces  vertical,  short.  Maxillae  rounded  and  enlarged 
at  extremities.  Labium  as  wide  as  long,  one-third  as  long  as  maxillse. 
Sternum  heart-shaped.  Legs  rather  long  and  slender,  those  of  the 
first  pair  stoutest  and  furnished  with  strong  spines;   relative  length 

•  These  are  the  measurements  given  by  KoL-h,    We  have  no  female  of  this  species. 
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1, 4,  3, 2.  Abdomen  small  and  sliort,  slanting  from  the  anterior  part  to 
the  spmnerets. 
Coloration:  As  our  specimen  is  considerably  rubbed  we  quote  the  color 
description  given  by  Cambridge.  '  ^  The  cephalothorax  of  this  very 
pretty  and  distinct  spider,  is  of  a  yellow  brown  color,  with  a  large 
pale  patch  on  each  side  of  the  hinder  extremity,  and  the  ocular  area 
black,  thinly  clothed  with  short  white  hairs,  and  shining,  in  some 
lights,  with  a  strong,  metallic,  dark  violet  hue;  a  pale  stripe  densely 
clothed  with  bright  white  scjuamoae  hairs  runs  through  the  middle 
of  the  hinder  half  of  the  ocular  area  to  the  beginning  of  the  posterior 
slope;  there  is  also  a  spot  of  similar  hairs  on  each  side  towards  the 
hinder  part,  and  another  on  each  side  near  the  hinder  part  of  the 
ocular  orea,  just  below  the  eyes  of  the  third  row.  »  *  ♦ 
The  legs  are  yellow,  the  femora  and  the  two  other  basal  joints 
of  the  first  pair  l)eing  much  stronger  than  the  rest,  and  brown- 
ish black  on  each  side.  This,  however,  is  apparently  not  a  con- 
stant character;  or  at  any  rate  it  does  not  always  exist  at  the  first 
coming  of  the  spider  to  maturity,  but  probably  is  acquired  later;  for 
in  one  of  the  examples  before  me  the  first  pair  are  of  the  same  color 
as  the  rest,  and  the  femora  of  only  ordinary  comparative  strength, 
and  the  legs  themselves  shorter  and  weaker.  *  *  *  The  palpi  are 
pale  yellow.  *  *  *  The  falces  *  *  *  are  of  a  brownish  yel- 
low color  with  a  broad  rather  oblique  dark  yellow-brown  longitudinal 
stripe  on  the  fore  side.  The  maxilke  are  yellow-brown,  paler  at  their 
extremitias.  The  labium  is  also  yellow-brown,  palest  at  the  apex. 
The  sternum  is  *  *  of  a  pale  yellow  color.  Tlie  abdomen  is  of  a 
palish  yellow  hue;  on  the  fore  half  of  the  u]>per  side  a  clearer  yel- 
low elongate-oblong  central  marking  is  indicated  by  a  dark-brown 
dentated  marginal  line,  and  terminates  posteriorly  with  a  Hhort  trans- 
verse curved  dark-br()wn  stripe,  behind  which,  again,  are  two  longi- 
tudinal curved  dark -brown  markings  inclosing  a  circular  area  cov- 
ered densely  with  white  scjuauiose  hairs  which  extends  forward  also 
to  the  transverse  stripe  above  described.  The  sides  are  marked  with 
a  few  dark-brown  spots  and  markings:  and  on  each  side  of  the  fore 
extremity  of  the  oblong  central  marking  is  a  large  patch  of  white 
squamose  hair.  In  front,  below  the  fore  margin,  are  some  coarse, 
bristly,  black,  upturned  hairs.  The  spinners  are  of  a  blackish  hue, 
tipped   with  pale  yellowish.  *  *  *  There   is  evi*- 

dently  some  variety  in  the  abdominal  markings  of  this  specic^s, 
since  in  the  other  example  iHjfore  noted  the  u;)i)er  side  of  the  abdo- 
men Ls  generally  suffused  with  dark  blackish  brown,  showing  faintly 
the  hmgitudinal  oblong  central,  yellowish  marking  on  the  fore  })art; 
the  i)osterior  and  two  anterior  large  patches  of  white  scjuamosti  hairs* 
however,  are  even  more  conspicuous  in  this  than  in  the  other  ex- 
ample." 
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As  we  have  uo  female  of  this  species  we  translate  the  description  given 
by  L.  Koch,  Arachniden  Australiens,  p.  1076,  T.  xciv. 

9  .  The  cephalothorax^is  brownish  with  a  narrow,  black  marginal  band 
which  is  broadened  in  some  places  and  a  brownish,  interrupted  longitudi- 
nal stripe  on  the  lateral  declivity;  the  space  between  the  eyes  black  with 
faint,  blue  iridescence.  A  median  longitudinal  stripe  oomposed  of  brilliant 
yellow  hairs  begins  on  the  posterior  declivity  and  extends  to  the  front  row  of 
eyes;  the  remaining  hair  of  the  cephalotborax  is  white  mixed  withJpale  yellow. 
The  hair-rings  around  the  eyes  of  tlie  first  and  second  rows  orange-yellow 
and  white,  those  of  the  first  row  above  and  l)elow  orange-yellow,  without 
and  within  white.  Falces  dark  brown;  maxillos,  lal)ium  and  sternum  dirty 
brownish -yellow.  Palpi  and  legs  pale  yellow;  femur  of  the  palpus  with  a 
black  longitudinal  stripe  before  and  behind.  Femur  of  the  first  with  a 
black  longitudinal  stripe  in  front,  and  two  black  s[)ots  behind;  femur  of 
the  second  with  two  black  spots  in  front  and  l)ehind;  femora  of  the  third 
and  fourth  with  a  black  ring  on  the  basal  half,  and  a  small  black  spot  on 
the  terminal  half  before  and  behind.  Patella)  with  a  "black  spot  before 
and  behind.  The  tibiae  and  metatarsi  have  a  black  ring  at  the  base  and 
the  tarsi  are  suffused  with  black  at  tlie  base.  Abdomen  black  above,  with 
white  and  pale  yellow  haii-s;  from  the  base  to  a  point  in  front  of  the  mid- 
dle runs  a  longitudinal  band  covered  with  deep  yellow  hairs,  back  of  this, 
and  again  just  in  front  of  the  spinnerets,  a  long  spot  covered  with  similar 
hair;  specimens  in  alcohol  show  also  the  following  markings  which  ahnost 
disappear  comi)letely  in  the  dry  animal;  from  the  end  of  the  longitudinal 
band  above  mentioned  two  undulating  pale  bands  run  first  to  the  sides  and 
thence  in  an  arc  back  to  the  base,  enclosing  a  space  which  is  covered  with 
pale  reticulating  veinlets;  the  posterior  half  of  the  upper  surface  is 
marked  with  small  blue  spots  and  streaks;  the  spinnerets  brownish-yellow 
suffused  with  black. 

Cephalothorax  about  one-sixth  longer  than  broad,  considerably  longer  than 
patella  and  tibia  of  the  fourth,  high,  abrupt  on  the  posterior  edge, 
falling  almost  perpendicularly,  faintly  convex  on  the  lateral  per- 
pendicular declivity,  above,  only  slightly  arched  as  far  as  the  tliird 
row  of  eyes,  but  from  these  strongly  convex,  dull,  covered  with  short 
hairs;  the  median,  longitudinal  stripe  with  hair-shaped  scales;  lateral 
margin  with  long  black  bristles  which  project  outward;  one  very 
long  anteriorly  directed  bristle  between  the  eyes  to"  the  first  row; 
clyi^eus  as  high  as  the  radius  of  an  eye  of  the  first  row.  Eyes  in  four 
rows;  quadrangle  of  the  eyes  longer  than  broad,  narrowed  behind; 
eyes  of  the  fourth  row  as  far  again  from  the  lateral  borders  as  from 
each  other,  overhung  by  the  lateral  walls  of  the  cephalothorax.* 
Eyes  of  the  first  row  very  large,  close  together  and  abutting  on  those 
of  the  second  row:  eyes  of  the  second  row  placed  above  and  slightly 


♦ »« 


vrm  (ler  Seitenwand  des  Cephalothorax  Ul)erragt.''* 
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projecting  over  those  of  the  first,  with  their  outer  peripheries  distant 
from  one  another  by  the  diameter  of  one  of  the  eyes  of  the  first  row. 
Eyes  of  the  third  row  nearer  to  those  of  the  second  than  to  those  of 
the  fourth;  those  of  the  fourth  smaller  than  those  of  the  second 
row.  Falces  only  a  little  longer  than  the  breadth  at  the  base,  very 
glistening,  smooth,  slightly  convex  anteriorly,  diverging  on  the  inner 
side  from  the  base.  Maxillae  with  outer  and  anterior  margins  straight, 
and  inner  margins  also  straight  as  far  as  the  labium;  the  inner  cor- 
ners, consequently  rather  rectangular;  the  maxillaB  are  excavated 
along* the  labium;  labium  very  short,  broader  than  long,  rounded 
anteriorly.  Sternum  cordate,  sl!;^htly  convex,  dull,  sparsely  over- 
grown with  projecting,  long,  yellow  i  ;h  hairs.  Abdomen  only  slightly 
longer  than  broad,  truncate  in  froat,  strongly  convex  laterally, 
acuminate  toward  the  spinnerets,  dull,  covered  with  short  adpressed 
and  longer  projecting  hairs  in  many  layers;  the  deep  yellow  mark- 
ings formed  by  hair  like  scales.  Legs  short;  femora  convex  above, 
underneath  overgrown  with  long  projecting  hairs,  with  two  spines 
above,  those  of  the  first  pair  with  one  spine  above  at  the  end.  Tibiss 
and  metatarsi  underneath  beset  with  long  spines.  Spines  of  the  pa- 
tellae, tibiae  and  metatarsi  of  the  third  and  fourth  short.  On  tibiae 
and  metatarsi  of  the  third  and  fourth  above,  long  projecting  hairs. 
Patella  and  tibia  of  the  third  as  long  as  patella  and  tibia  of  the  fourth; 
metatarsus  and  tarsus  of  the  fourth  longer  than  patella  and  tibia  of 
the  fourth. 
Habitat:    Tahiti,  Upolu,  Samoa. 

GENUS  EPEUS*    Peckha^m. 

1876.     Evenus  Simon,  Ann.  Soc.  Entomol.  de  France  (5),  pp.  58-59. 

1885.    Epeua  Peckham,  Genera  of  Fam.  Attidao,  p.  3J54. 

Cephalothorax  rather  elongated;  thoi*acic  part  scarcely  the  longer,  senni- 
bly  dilated  and  rounded;  cephalic  part  plane,  elevated  behind,  in- 
clined in  front,  longer  than  wide;  superciliary  projections  pro- 
nounced. Median  anterior  eyes  very  large,  almost  touching, 
occupying  the  entire  width  of  the  face;  the  lateral  eyes  much  smaller, 
separated,  placed  further  back,  forming  a  second  line.  Dorsal  eyes 
as  large  as  the  laterals,  a  little  nearer  together  since  the  sides  con- 
verge behind.  Clypeus  almost  as  wide  as  the  radius  of  the  median 
anterior  eyes.  Falces  short,  vertical,  not  ridged.  Sternum  scarcely 
wider  than  the  intermediate  coxje.  Labium  twice  as  long  as  wide, 
rounded  at  the  tip.    Coxae  of  the  first  separated  by  at  least  the  width 

*  In  1886,  in  our  work  on  the  Qencra  of  the  Attidee,  we  substituted  tlie  name  Epeiu  for 
Bimon'R  name  Et^enus,  this  latter  being  preoccupied.  It  seems  very  probable  that  Epeun 
and  Athamaa  should  form  but  one  g^nus,  but  we  have  no  specimen  of  Epeus,  and  are  un- 
able, from  the  description  given  by  Simon,  to  decide  the  point.  The  generic  and  specific 
descriptions  of  Epeiu  are  translated  from  Simon. 
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of  the  labium,  of  the  same  length  as  the  others.  Legs:  3,  1,  2-4, 
long,  the  three  first  pairs  equal  in  thickness,  t!ie  fourlh  more  slen- 
der; patella  and  tibia  of  the  first  longer  than  the  cephalothorax, 
tibia  much  longer  than  patella;  patella  and  tibia  of  the  fourth  much 
longer  than  patella  and  tibia  of  the  third,  and  more  slender;  meta- 
tarsus and  tarsus  of  the  fourth  at  least  as  long  as  patella  and  tibia; 
on  the  two  first  pairs  two  rows  of  very  long  inferior  tibial  and  meta- 
tarsal spines;  tibisB  and  metatarsi  of  the  two  posterior  pairs  fur- 
nished with  slender  spines  throughout  their  length.  Tarsal  claws 
long,  regularly  curved;  the  external  one  provided  with  a  series  of 
five  broad,  short,  conical  teeth;  the  internal  one  with  ten  teeth  which 
ax%  longer,  more  slender,  equal,  close  together. 


EPEUS  TENER    Simon.    1876. 

f,    Cephaloth.:  length  8.6  mill.,  width  2.6  mill.    Abd.:  length  4.5  mill., 
width  1.5  mill.     Legs:  first  9  mill.,  second  8.4  mill.,  third  10  mill., 
fourth  8.4  mill. 
White  testaceous,  with  the  circumference  of  the  eyes  black.    Clypeus 
ornamented  with  thick,  very  white  hairs.    Cephalic  square  ornamented 
above  with  scaly  pubescence  of  a  brilliant,  slightly  gilded  yellow,  and  on 
the  sides  with  red  pubesecence.    Abdomen  bright  red  above,  with  two  fine 
lateral  yellow  lines.     Legs  and  palpi  glabrous. 
Malamoy,  Bassilan  Island  (Philippine  Islands). 


GROUP  III.     SIMONELLIL 

GENUS  SIMONELLA    Peckhajm. 

Body  long,  slender,  nodose.  Cephalothorax  more  than  twice  as  long  as 
wide,  convex  above,  constricted  near  the  middle;  thoracic  part  twice 
as  long  as  cephalic.  Eyes  very  unequal  in  size,  placed  in  four  trans- 
verse rows  of  two  each,  those  of  the  anterior  row  nearly  touching; 
quadrangle  formed  by  the  second  and  fourth  rows  of  eyes,  equally 
wide  in  front  and  behind  or  wider  behind  than  in  front,  and  wider 
than  long.  Eyes  of  the  third  row  very  small,  sometimes  halfway 
between  the  second  and  fourth  rows,  sometimes  nearer  the  second 
than  the  fourth. 

Legs  slender,  differing  but  little  in  thickness;  relative  length  4,  3, 1,  2. 

Abdomen  long  and  slender,  sometimes  constricted  in  the  middle. 
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SIMONELLA  AMERICANA    Peckham.     18a5. 

Plate  XII,  flgure  4. 

Simonella  americana  P.,  Proc.  Nat.  Hist.  Soc.  of  Wisconsin,  ji.  34. 

S  .    Total  length  8.5  mm.     Width  of  of  abdomen  1.1  mm. 

Length  of  cephalothorax  3.5  mm;  width  1.4  mm;  height  1.2  mm. 

Legs  3.8,  3.6,  4,  5.3. 

Cephalothorax  nearly  as  high  as  wide;  cephalic  and  anterior  thoracic  parts 
higher  and  more  convex  than  the  remaining  portion  of  the  thoracic, 
from  which  they  are  separated  by  a  well-marked  constriction;  that 
part  of  the  thorax  posterior  to  the  constriction  is  highest  in  the  mid- 
dle, and  slants  off  to  form  the  narrow  pedicle  by  which  it  is  united 
to  the  abdomen.  The  cephalic  and  anterior  thoracic  parts  are  jet 
black  and  glabrous;  the  posterior  thoracic  part  is  pale  yellow.  Eyes 
of  first  row  more  than  twice  as  large  as  tliose  of  the  second;  second 
row  wider  than  tlie  first;  third  row  nearer  the  second  than  the  fourth; 
eyes  of  fourth  row  about  as  large  as  those  of  second  and  further 
apart. 

Clypeus  less  than  one-half  as  high  as  anterior  eyes,  retreating;  ridged  above; 
color  black.  Palpus  black,  long  and  slender,  having  on  outer  side 
of  tibia  a  stout  apophysis.  Falces  robust,  narrowing  toward  the  tip, 
long,  vertical,  slightly  diverging;  fang  as  long  as  the  palpus,  slender, 
yellowish  black  in  color.  Maxillt^  yelowish  black,  half  as  long  as 
palpus,  more  than  twice  as  long  as  labium;  widest  at  their  extremi- 
ties.    Labium  as  wide  as  long,  truncated  at  tip. 

Sternum  yellowisli,  long,  truncated  in  front,  narrowing  to  a  point  beliind. 

Legs  with  weak  til)ial  and  metatarsal  spines  on  the  first  pair;  second,  third 
and  fourth  ]>airs  unarmed.  PateUa  and  tibia  of  the  third,  shorter 
than  patella  and  tibia  of  tlie  fourth;  metatarsus  and  tarsus  of  tlie 
fourth,  shorter  tlian  patella  and  tibia  of  the  fourth.  Patella,  tibia 
and  metatarsus  of  the  first  black  on  tlie  inner  side:  otherwise  all  the 
legs  are  yellowish  witli  a  darker  shading  toward  the  distal  ends  of 
of  those  of  the  fourtli  pair.  Abdomen  made  up  of  three  parts,  the 
middle  part  being  a  narrow  neck  which  joins  the  anterior  and  pos- 
terior portions.  The  anterior  is  twice  as  long  as  tlie  middle,  and  half 
as  long  as  the  posterior  part. 

Habitat:    Guatemala. 
This  species  wiis  found  running  on  the  ground  among  leaf -cutting  ants. 
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SIMONELLA  MYRMECI^FORMIS*    Taczanowbki.     1874. 

Plate  XII,  figure  8. 

Janus  myrmeciaBformis  Tacz.,  Les  Araneides  de  la  Guyane  fran^aise,  p.  94. 

Eyes  in  four  rows;  cephalothorax  in  two  parts,  abdomen  with  a  marked 
constriction  in  the  middle;  general  color  ochre  yellow,  four  black 
spots  on  the  head,  two  pale  rings  on  the  abdomen.     Length  $  7  mm. 

6  .  The  cephalothorax  is  very  slender  and  much  elongated,  with  the  head 
a  little  longer  than  wide,  distinctly  separated  by  a  marked  constric- 
tion across  the  back  and  throughout  the  height  of  sides;  tlie  thoracic 
part  considerably  longer  than  the  head,  a  little  narrower  and  com- 
posed of  three  distinct  portions  of  which  the  anterior  represents  a 
short  slightly  contracted  neck,  which  is  followed  by  a  convex  knob, 
behind  which  is  a  rather  long  pedicle  which  is  more  slender  than  the 
neck;  the  cephalic  plate  is  lightly  arched  and  inclined  forward;  the 
lateral  contours  of  the  head  are  arched;  behind  it  is  terminated  by  a 
facet  with  a  gentle  slope.  Eyes  in  four  rows,  in  a  quadrangle  a  little 
longer  than  wide;f  those  of  the  first  row  very  large,  in  contact,  and 
occupying  the  entire  height  and  width  of  the  face;  those  of  the  sec- 
ond pair  behind  on  the  lateral  border  of  the  back  at  a  considerable 
distance  from  the  preceding  ones,  and  directed  upward;  eyes  of  the 
third  pair  halfway  between  those  of  the  second  and  fourth;  external 
border  of  the  anterior  eyes  in  a  straight  line  and  parallel  with  those 
of  the  other  pairs.  Falces  short,  thick  and  vertical.  Abdomen 
longer  and  more  slender  than  the  cephalothorax,  strongly  constricted 
in  the  middle  so  as  to  form  three  distinct  parts,  of  which  the  ante- 
rior is  cylindrical,  almost  horizontal,  the  second  very  slender  and 
strongly  bent  and  the  posterior  elliptical,  of  the  same  breadth,  but 
much  longer  than  tlie  anterior,  that  is  to  say  the  whole  resembles  an 
S  faintly  bent  and  enlarged  at  the  two  extremities.  The  spinnerets 
are  short.  The  legs  are  slender  and  of  moderate  length,  in  the  order 
4,  3,  1.  2.  Palpi  short,  thicker  than  the  legs,  with  the  tiba?  short  and 
stouter  than  tlie  femora.  Tlie  body  is  entirely  bare,  only  a  few  hairs 
being  found  around  the  anterior  eyes,  on  the  tarsi  of  the  palpi,  and 
some  which  are  almost  imperceptible  on  the  legs. 

Coloration:  Tlie  general  color  is  a  pale  ochre  yellow;  two  large  black  spots 
are  found  on  each  side  of  the  head  at  the  base  of  the  eyes,  the  ante- 
rior one  of  which  extends  between  those  of  the  second  and  third 

♦The  descriptions  of  this  wpecies  and  of  lucasii  are  translated  from  Dr.  Taezanowski. 

t  This  is  true  when  the  (juadrangls  is  understood  to  inchide  the  first  row  of  eyes;  when 
we  use  the  expression  "(juadrangle  of  the  eye^s'"  in  relation  to  the  LyasomansB  (as  in  de- 
flninfc  this  genus)  we  refer  to  the  (luadrangle  formed  by  the  second  and  fourth  rows  of 
eyes. 
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pairs;  two  wide  rings  clearer  than  the  general  color  are  found  around 
the  abdomen,  the  first  being  in  the  middle  of  the  anterior  part,  the 
second  on  the  constriction.  In  the  individual  from  Saint  Laurent  de 
Maroni  the  posterior  part  of  the  abdomen  is  grayish,  much  deeper 
than  the  rest,  of  the  body.  The  legs  are  of  the  color  of  the  body  but 
a  little  paler.  The  anterior  eyes  are  amber  yellow,  the  others  black- 
ish. 
Two  males  from  Cayenne  and  St.  Laurent  de  Maroni;  female  unknown. 


SIMONELLA  LUCASU    Tacz^owski.     1874. 

Plate  Xn,  figure  9. 

Janus  lucasii  Tacz.,  Les  Aran^ides  de  la  Guyane  frangaise,  p.  96. 
Eyes  in  four  rows;  cephalothorax  in  two  parts,  abdomen  with  a  con- 
striction near  the  base;  color  of  cephalothorax  reddish  yellow;  four 
black  spots  on  the  head;  abdomen  grayish.    Length  9  4  mm. 

9  .  Cephalothorax  slender  and  elongated,  with  the  head  square,  distinctly- 
separated  from  the  thoracic  part  by  a  strong  constriction,  terminated 
behind  by  an  inclined  slope.  The  sides  parallel  and  perpendicular; 
the  thoracic  part  longer  but  not  so  wide  as  the  head,  is  comopsed  of 
a  much  contracted  but  short  neck,  followed  by  a  globular  knob, 
which  is  terminated  behind  by  a  short  pedicle  which  is  more  slender 
than  the  anterior  constriction.  The  eyes  are  in  four  rows,  but  are 
arranged  a  little  differently  from  those  of  the  preceding  species;  the 
ocular  quadrangle  is  a  little  lon«^er  than  wide;*  the  anterior  eyes  are 
large,  in  contact,  occupying  the  entire  front  of  the  vertical  inclina- 
tion of  the  face;  the  second  pair  is  placed  on  the  back  behind  the 
eyes  of  the  first  pair,  but  they  are  a  little  further  from  each 
other  than  the  distance  between  the  external  borders  of  the  first 
ones,  and  are  directed  sideways;  the  posterior  eyes  are  larger,  but 
are  separated  by  the  same  distance  as  those  of  the  second  row,  the 
eyes  of  the  third  pjvir  halfway  between  tlie  second  and  fourth.  The 
falces  are  short,  thick  and  vertical.  The  abdomen  is  of  the  same 
length  as  the  cephalothorax,  thicker,  commencing  by  a  short  pedi- 
cle which  appears  to  constitute  a  prolongation  of  that  of  the  thoracic 
part;  behind  this  it  suddenly  grows  larger  up  to  the  middle  of  its 
length  and  then  grows  smaller  again  so  as  to  terminate  in  a  point. 
The  legs  are  slender  and  not  very  long,  in  the  order  4,  3,  1,  2.  All 
the  body  is  glabrous,  with  some  sparse  hairs,  which  are  rather  long 
on  the  upper  part  of  the  head,  and  on  the  posterior  part  of  the  back 
of  the  abdomen. 

*  The  quadrangle  is  wider  than  long  if  the  second  row  of  eyes  is  taken  as  its  anterior 
line.    See  note  under  preceding  8];)ecies. 
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Coloration:  The  color  of  the  cephalothorax  is  reddish  yellow,  two  black 
spots  on  each  side  of  the  head  of  which  the  anterior  one  includes  the  base 
of  the  eyes  of  the  second  and  third  pair.  The  abdomen  is  grayish  yellow. 
The  legs  are  pale  yellow;  the  femora  and  the  patellae  in  the  two  posterior 
pairs  are  of  a  brownish  gray,  so  as  to  form  a  wide  clear  ring  at  the  origin 
of  the  leg.    The  anterior  eyes  yellow,  the  others  black. 

A  single  female  from  Uassa. 


DESCRIPTION  OF  PLATES. 


PLATE  XT. 

1. 

Lyssomanes  antillanus,  palpus  of  s  . 

t. 

unicolor,  palpus  of  6  . 

3. 

viridis,  palpus  of  $  . 

4. 

bi-t^niatus,  palpus  of  6  . 

5. 

placidus,  palpus  of  6  . 

6. 

miniaceus,  palpus  of  6  . 

7. 

austorus,  palpus  of  6  . 

8. 

tenuis,  palpus  of  S  . 

9. 

jemineus,  palpus  ot   $  . 

10. 

nigro-pictus,  palpus  of  S  . 

11. 

velox,  palpus  of  6  . 

12. 

longipes,  palpus  of  $  . 

13. 

robustus,  palpus  of    i  . 

PLATE    XII. 

1.  Lyssomanes  amazonicus,  palpus  of  S  . 

2.  Asamonea  gracilis,  palpus  of  £  . 

3.  Athamas  whitmeei,  palpus  of  $  (after  Keyserling). 

4.  Simonella  americana,  palpus  of  6  . 

5.  Asamonea  tenuipes,  palpus  of  6  . 

6.  Lyssomanes  viridis,  epigynum;  6a,  eyes;  6b,  f aloes  of  6  . 

7.  Lyssomanes  robustus,  eyes. 

8.  Simonella  mymecijeformis,  cephalothorax  (after  Taczanowski). 

9.  Simonella  lucasii,  cephalothorax  (after  Taczanowski). 

10.  Lyssomanes  modestus,  epigynum. 

11.  Athamas  whitmeei,  epigynum  (after  Keyserling). 
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12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


Lyssomanes  tristis,  epigynum. 

blandud,  epigynum. 

jemineus,  epigynum. 

parallelus,  epigynum. 

amazonicus,  epigynimi. 

austerus,  epigynum. 
Asamonea  flava,  epigynum. 

**  tenuipes,  epigynum;   19a,  eyes;  19b,  falces. 

Asamonea  punctata,  epigynum. 
Lyssomanes  unicolor,  epigynum. 
Asamonea  omatissima,  epigynum. 


N 
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0.  M.  CONOVER. 


By  WM.  F.  ALLEN. 

In  the  spring  of  1884,  the  Academy  experienced  the  loss  of  one  of  its 
most  valued  members,  in  the  death  of  Obediah  Milton  Conover,  which 
occursed  in  London,  April  29  of  that  year.  He  was  at  the  time  on  his  way 
home  from  a  two  years'  sojourn  in  Greece  and  Grermany.  His  remains 
were  brought  to  this  city,  and  were  committed  to  the  earth  in  Forest  Hill 
Cemetery,  on  the  28th  of  May. 

Dr.  Conover  was  of  Dutch  origin,  being  the  seventh  in  the  line  of  descent 
from  Jacob  Wolfertson  van  Kouwenhoven,  who  came  to  this  country  at  its 
first  settlement,  in  company  with  the  Patroon  van  Renssellaer.  On  what  oc- 
casion the  name  was  changed  to  its  present  form  is  uncertain.  His  mother, 
Sarah  Miller,  was  of  a  Kentucky  family.  He  was  born  in  Dayton,  Ohio, 
October  8, 1825;  prepared  for  college  in  that  city,  and  graduated  at  Princeton 
in  1844,  afterwards  studying  theology  in  the  same  institution  (graduating 
in  1849),  without,  however,  entering  the  profession  of  the  ministry.  In  the 
interval  of  two  years  between  his  graduation  and  his  theological  course,  he 
taught  school  near  Lexington,  Ky.^  and  in  Dayton.  While  at  Dayton  he 
also  studied  law  in  the  office  of  Gen.  Robert  C.  Schenck;  and  this  was  the 
profession  he  finally  adopted,  being  admitted  to  the  Dane  county  bar  in 
1859. 

In  1849  he  was  married  and  came  directly  to  Madison,  where  he  resided 
the  remainder  of  his  life;  his  wife  died  in  1863.  At  first  he  was  engaged  in 
the  publication  of  The  Northwestern  Journal,  a  literary  and  educational 
monthly,  of  which  only  a  few  numbers  were  published.  In  1850  he  was 
made  professor  of  ancient  languages  in  our  University;  an  office  which 
he  held  until  1858.  It  was  the  day  of  small  things  for  the  University,  but 
no  in<^titution  could  be  insignificant,  or  could  fail  to  exert  a  strong  and  last- 
ing influence,  whose  faculty  consisted  of  three  such  men  as  Chancellor  La- 
throp.  Professor  Sterling  and  Dr.  Conover.  In  1859,  as  has  already  been 
said,  he  was  admitted  to  the  Dane  County  bar;  two  years  later  he  became 
assistant  reporter  to  the  Supreme  Court,  and  in  1864  was  appointed  re- 
porter, which  office  he  held  until  his  de^th,  a  term  of  twenty  years.  Dur- 
ing some  years  he  held  also  the  office  of  State  Librarian.  In  1879  he  re- 
ceived from  the  University  the  degree  of  Doctor  of  Laws.  In  September, 
1882,  he  was  married  to  Mrs.  Sarah  Fairchild  Dean,  and  they  immediately 
went  to  Greece,  where  they  spent  the  ensuing  winter. 

Mr.  Conover  was  not  a  man  of  showy  parts,  and  neither  his  disposition 
nor  his  taste  led  him  to  seek  publicity.     Besides  tliis,  in  the  later  years  of 
Q 
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his  life  the  condition  of  his  health  did  not  permit  him  to  undertake  any  but 
necessary  routine  labors.  For  these  reasons  he  was  seen  but  little  except 
by  his  nearest  friends,  or  in  the  performance  of  his  public  duties;  and  it 
was  only  those  who  were  closely  associated  with  him  who  were  able  to  esti- 
mate him  at  his  true  worth.  The  community,  however,  did  not  fail  to 
appreciate  his  high  qualities.  He  was  equally  characterized  by  accuracy  of 
information,  soundness  of  judgment,  and  a  high  standard  of  conduct;  and 
these  qualities  combined  gave  him  an  influence  the  strength  and  extent  of 
which  he  was  himself  probably  far  from  suspecting.  It  may  be  said  that 
no  man  among  us  inspired^  more  universal  confidence,  or  was  regarded  with 
more  universal  esteem.  Always  courteous  and  unassuming,  he  was  a  man 
of  strong  convictions,  and  held  to  his  opinions  with  great  tenacity,  although 
without  intolerance. 

In  his  public  duties,  as  reporter  to  the  Supreme  Court,  all  his  best  intel- 
lectual qualities  found  room  for  exercise.  His  published  reports,  if  I  am 
rightly  informed,  rank  among  the  best  of'  their  class.  But  while  perform- 
ing his  professional  duties  faithfully  and  with  high  intelligence,  he  found 
his  truest  enjoyment  in  the  study  of  literature — using  this  word  in  its 
highest  significance.  He  was  familiar  with  the  best  that  has  been  said  by 
the  great  creative  minds  of  the  world,  and  his  fine  taste  and  correct,  judg- 
ment were  nowhere  more  marked  than  here.  It  was  the  chief  happiness 
of  his  life  that  at  its  very  close  he  was  enabled  to  gratify  this  taste  without 
stint,  and  in  the  most  congenial  companionship.  The  master  spirits  of 
Greek  literature  had  always  been  his  favorite  writers;  and  the  winter  spent 
by  him  in  Athens,  where  the  American  School  of  Classical  Studies  bad  just 
been  established,  brought  him  into  direct  and  loving  communion  with  the 
choicest  memories  of  classical  antiquity.  Much  as  his  friends  in  Madison 
regret  that  he  was  separated  from  them  during  the  last  two  years  of  his 
life,  they  recognize  that  this  experience  was  to  him  the  greatest  happiness 
that  he  could  have  wished.  His  relations  to  literature  were,  however,  for 
the  most  part  those  of  enjoyment  and  culture.  He  wrote  very  little  him- 
self, but  that  of  a  quality  which  one  would  wish  to  see  more  common.  The 
members  of  the  Madison  Literary  Club  will  remember  with  high  apprecia- 
tion the  few  papers  which  he  read  before  them;  and  to  most  of  us  it  was 
no  doubt  an  unexpected,  although  by  no  means  a  surprising  revelation ,  when 
he  came  to  be  known  as  being  possessed  of  a  poetic  faculty,  genuine,  al- 
though rarely  exercised. 

As  a  member  of  our  Academy  there  is  little  to  be  said  of  him.  He  had 
not  the  physical  strength  to  do  any  work  for  it.  I  do  not  remember  that 
he  ever  took  an  active  part  in  its  proceedings;  but  its  members  always  felt 
it  as  a  privilege  and  an  honor  to  count  him  as  one  of  themselves. 


PROCEEDINGS  OF  THE  ACADEMY  SINCE  DECEM 

BER,  1883. 


REPOPJ  OF  THE  SECRETARY. 


FIFTEENTH  REGULAR  ANNUAL  MEETING. 

Held  at  Madison,  Wiwxmain. 


Rooms  of  Wisconsin  Academy  of 

Sciences,  Arts  and  Letters, 
Capitol,  Madison,  Wisconsin. 

first  session. 

Monday  Evening,  December  29,  1884. 

The  reports  of  President,  Secretary  and  Treasurer  were 
presented. 

Messrs.  Lamb,  Allen  and  Blackstone  were  appointed  a 
committee  on  Treasurer's  report. 

Dr.  Hoy,  Profs.  Daniells  and  Sprague  were  appointed  a 
committee  on  nominations  for  membership. 


SECOND   SESSION. 

December  30,  1884. 
Academy  met  at  9  A.  M. 

The  report  of  the  Treasurer,  showing  a  balance  in  the 
Treasury  of  $742.38,  was  reported  back  from  the  Auditing 
Committee,  and  its  adoption  recommended.  The  report 
was  adopted. 

The  following  members  were  elected: 

Mr.  F.  E.  Short,  Madison;  Mr.  G.  H.  J.  Douglass,  Madi- 
son; Prof.  F.  B.  Power,  Madison;  Mr.  Carl  Doerflinger, 
Milwaukee;  Prof.  A.  J.  Rogers,  Milwaukee. 
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Voted:  That  a  credit  of  83.00  on  his  annual  dues  be  al. 
lowed  to  Rev.  S.  D.  Peet  for  his  American  Antiquarian 
for  1884. 

Voted:  That  Prof.  W.  F.  Allen  be  requested  to  prepare  a 
memorial  of  Prof.  O.  M.  Conover  for  the  next  volimie  of 
the  Academy  Transactions: 

Dr.  P.  R.  Hoy,  of  Racine,  gave  an  interesting  address  on 
**How  did  the  Indians  make  their  stone  implements?" 
The  statements  made  by  the  doctor  were  somewhat 
startling  to  the  gatherers  of  these  ancient  implements. 
Specimens  of  some  of  these  very  ancient  implements  were 
exhibited  by  the  doctor,  that  had  been  made  within  the 
past  six  months,  by  a  resident  of  our  state,  and  not  an  In- 
dian either. 

Rev.  S.  D.  Peet,  of  Clinton,  addressed  the  Academy  on  re- 
cent investigations  of  the  Indian  mounds  in  this  section  of 
the  state,  particularly  near  the  banks  of  Lakes  Koshkonong 
and  Mendota. 

Mr.  Peet  also  read  a  paper  on  the  *' Antiquity  of  Man  in 
America,"  and  the  conclusion  reached  was  that  those  who 
claimed  the  great  antiquity  of  man  in  America  had  failed 
to  prove  their  claims,  and  that  the  whole  matter  was  still 
an  open  question. 

The  discussion  of  the  question  was  continued  by  Prof, 
Birge,  Dr.  Hoy  and  Prof.  Irving. 

Prof.  W.  F.  Allen  read  a  paper  on  the  *^  Changes  in  the 
Local  Condition  of  the  English  Serfs  during  the  Feudal  Pe- 
riod." 

AFTERNOON  SESSION. 

The  first  paper  read  was  by  Dr.  P.  R.  Hoy,  of  Racine;  on 
'*  Science  and  Society."  The  discussion  of  the  subject  was 
continued  by  Prof.  J.  S.  Butler,  Prof.  E.  A.  Birge,  Prof. 
Hoy,  Prof.  Peckham,  ReV.  S.  D.  Peet,  and  Prpf.  W.  W. 
Daniells. 

Prof.  L.  Heritage  read  an  interesting  paper  '*0n  the  Date 
of  the  Dialogus  de  Oratoribus."    The  question  was  further 
discussed  by  Prof.  W.  F.  Allen,  Prof.  E.  S.  Holden,  Prof. 
Heritage  and  Prof.  Butler. 
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Prof.  C.  A.  Van  Velzer  gave  an  address  on  the  "The 
Rapid  Decomposition  of  Rotinal  Fractions." 

The    question  of  the  organization  of  affiliated  societies 

came  up  for  consideration,  and  was    discussed  by    Prof. 

^  Birge,   Prof.  Peckham,   Prof.  Sprague,  Prof.  W.  F.  Allen, 

Prof.  E.  G.  Smith,  Dr.  Hoy,  Rev.  S.  D.  Peet,  Prof.  Holden, 
A.  O.  Wright  and  Prof.  Van  Velzer. 

Before  acting  upon  the  matter  the  meeting  adjourned  un- 
til 8  O' clock  in  the  evening. 

EVENING   SESSION, 

Academy  called  to  order  by  Prof.  T.  C.  Chamberlin,  Vice- 
President. 
The  president.  Prof.  R.  D.  Irving,  addressed  the  Academy 
^  on  the  subject  of  Geology  in  a  most  able  and  interesting 

manner. 
The  Academy  then  proceeded  to  the  election  of  officers 
.  for  the  ensuing  three  years,  which  resulted  as  follows: 

President  —  Prof.  T.  C.  Chamberlin,  Beloit. 

Vice  Presidents  — 

Department  of  Sciences  —  Prof.  G.  W.  Peckham,  Milwaukee. 

Department  of  Arts  —  Prof.  /..  R.  Sprague,  Racine. 

Department  of  Letters  —  Prof.  W.  F.  Allen,  Madison. 

Secretary  —  Prof.  E.  A.  Birge,  Madisou. 

Treasurer  —  S .  D.  Hastings,  Madison. 

Curator  of  the  Cabinet  —  Prof.  C.  R.  Van  Hise,  Madison. 

Librarian  —  Prof.  E.  A.  Birge,  Madison. 

The  matter  of  affiliated  societies  was  again  taken  up  and 
settled  by  the  adoption  of  the  following:  Any  local,  scien- 
tific or  literary  society  may  apply  for  affiliation  with  the 
Academy,  submitting  its  constitution,  etc.,  to  the  inspection 
and  approval  of  the  Academy.  If  affiliated,  it  may  propose 
for  membership  in  the  Academy  such  of  its  members  as  it 
shall  select.  These  persons  will  be  considered  as  nominated 
for  membership  in  the  Academy,  and,  if  elected,  will  be 
entitled  to  all  privileges  of  regular  members.  The  society 
shall  pay  to  the  Academy  one-half  of  the  regular  annual 
dues  of  the  Academy  for  each  person  so  elected,  and  will  be 
entitled  to  as  many  copies  of  future  volumes  of  the  trans- 
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actions  of  the  Academy  as  it  contains  members  of  the 
Academy.  In  case  of  the  discontinuance  of  a  local  society, 
these  persons  can  continue  as  members  of  the  Academy  on 
payment  of  the  regular  dues. 

A  list  of  the  officers,  and  the  names  of  the  members  and 
a  copy  of  the  minutes  of  the  meetings  of  affiliated  societies 
shall  be  forwarded  to  the  Academy,  and  the  whole  or  such 
portion  as  the  council  shall  think  best  shall  be  published  in 
the  report  of  the  transactions  of  the  Academy. 
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SIXTEENTH  REGULAR  ANNUAL  MEETING 

Held  at  Madison,  Wisconsin. 

first  session. 

Rooms  of  the  Agricultural  Society, 

Monday,  December  28,  1885,  8  P.  M. 
President  T.  C.  Chamberlin  in  the  chair. 
The  report  of  the  Treasurer  was  read  as  follows: 

Balance  at  opening  of  vear $742  38 

Receipts " 92  00 

|834  88 
Payments 48  30 

Balance,  December  29,  1885 $786  08 


Referred  to  committee  consisting  of  Prof.  Butler,  Prof. 
Peckham,  and  Prof.  Salisbury. 

Professors  Allen,  Van  Hise  and  Higley  were  appointed  a 
committee  on  new  members. 

Professors  E.  S.  Holden  and  Wm.  Trelease  having  re- 
moved from  the  state  were  made  corresponding  members. 


SECOND  SESSION. 

Tuesday,  December  29th,  9  A.  M. 
Paper:     "On  Darwin,"  Prof.  E.  A.  Birge. 
Paper:     *' The  Village  Community  and  Serf dom  in  Eng- 
land," Prof.  W.  F.  Allen. 


THIRD   SESSION. 

Tuesday,  2  P.  M. 

Paper:    "Overproduction,"  Pres.  A.  L.  Chapin. 

Paper:    "James  Bridges,"  Prof.  J.  D.  Butler. 

The  Treasurer's  report  was,  on  report  of  auditing  com- 
mittee, approved. 

E.  Simon,  of  Paris,  France,  was  made  an  honorary  mem- 
ber. 
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Annual  members  elected: 

H.  W.  Hilyer,  Madison;  H.  H.  Powers,  Madison;  L.  M. 
Hoskins,  Madison;  M.  A.  Miner,  Green  Lake;  Prof.  A.  W. 
Burr,  Beloit;  C.  E.  Eschweiler,  Milwaukee. 


FOURTH  SESSION. 

Tuesday,  8  P.  M, 
One  hundred  dollars  was  appropriated  for  cuts. 
One  hundred  dollars  was  appropriated  for  library. 
President's  address: 

Paper:    ''Drift  Phenomena  of  Dakota,  Montana,  Idaho, 
and  Washington  Territories.'' 


FIFTH  SESSION. 

Wednesday,  December  30,  9  A.  M. 
Prof. 'A.  R.  Sprague  in  chair. 

Paper:    "  Principles  of  Hydraulics  not  yet  incorporated 
in  Water  Wheels,"  D.  P.  Blackstone. 
Paper:    "  Northern  Pitcher  Plant,"  W.  K.  Higley. 


SIXTH   SESSION. 

Wednesday,  2:30  P.  M. 
Paper:**  Process  of  Determining  Nitrogen," H.  P.Armsby. 
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SEVENTEENTH  REGULAR  ANNUAL  MEETING, 

Hdd  at  Madison^  Wisconsin. 

Academy  Rooms,  Capitol  Building, 

December  28,  1886,  8  P.  M. 
Reports  of  President  and  Secretary  were  given  verbally. 
Treasurer's  report: 

Balance  at  commencement  of  year $786  08 

Receipts 60  00 

Interest 40  00 

l|886  08 
Eifpenditures 132  94 

$753  14 

Examined  by  auditing  committee,   found  correct,   and 
adopted  on  report  of  committee. 

WEDNESDAY,  10:00  A.  M. 

**  The  Basal  Conglemorate  of  the  Huronian,^^ 
Professor  R.  D,  Irving,  .  .  -  Madison. 

*'  Constitution  of  the  Residuary  Clays," 
Professor  R.  D.  Salisbury,  -  -  .  Beloit. 

''  Glacial  Phenomena  about  the  Head  of  Lake  Michigan," 
President  T.  C.  Chamberlin,  .  -  -         Beloit. 

2:30  P.  M. 

"  Bowlder  Trains  of  Dodge,  Dane  and  Rock  Counties," 

Professor  I.  M.  Buell,        -  -  -  -        Madison. 

'*  Disinfection," 
Professor  F.  B.  Power,  ...  Madison. 

**  Science  and  Society," 
Dr.  P.  R.  Hoy,  -  -  .  .  Racine. 

''  The  Genesis  of  the  Town," 
Professor  W.  F.  Allen,  ...  Madison. 

7:30  P.  M. 

**  Limitations  of  Political  Economy," 

President  John  Bascom,  -  -      '     -  Madison. 

''  The  Methods  of  Science," 
Professor  J.  J.  Blaisdell,  ...  Beloit. 
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Dr.  Chapin  and  Prpf .  Allen  were  appointed  a  committee 
on  new  members. 

Business. 

Elected  to  membership: 

Prof.  T.  B.  Pray,  Whitewater;  Prof.  J.  J.  Blaisdell,  Be- 
loit;  Dr.  C.  O.  Whitman,  Milwaukee;  Mr.  E.  P.  Allis,  Jr., 
Milwaukee;  Mr.  Chas.  A.  Carr,  Madison;  Mr.  C.  H.  Syl- 
vester, Boscobel. 

Besolved,  That  the  President  and  Curator  be  directed  to  provide  for  the 
proper  care  of  the  type  set  of  fossils  in  the  possession  of  the  Academy. 

Resdvedf  That  the  thanks  of  the  Society  be  tendered  to  the  Governor  of 
the  State,  for  the  room  which  the  State  has  given  the  Academy,  in  the 
Capitol  Building. 
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EIGHTEENTH  REGULAR  ANNUAL  MEETING, 

Held  at  Madison,  Wisconsin. 

Senate  Chamber, 
December  29,  1887,  8  P.  M. 

President  Chamberlin  in  the  chair. 

The  reports  of  the  officers  were  made,  and  that  of  the 
Treasurer  was  referred  to  the  usual  auditing  committee. 

Professors  Wright,  Pray,  and  Birge  were  appointed  a 
committee  on  nomination  of  officers. 

President  T.  C.  Chamberlin  then  gave  an  address  on 
^'The  Origin  of  the  Extra-Moraine  Drift.'' 

Prof.  W.  F.  Allen  read  a  memorial  of  the  late  Dr.  O.  M. 
Conover. 

Officers  for  the  term  of  three  years  were  then  elected  as 
follows: 

President — W.  F.  Allen,  Madison. 

Vice-Presidents — Department  of  Sciences,  F.  H.  King, 
River  Falls;  Department  of  Arts,  A.  J.  Rogers,  Milwaukee; 
Department  of  Letters,  J.  J.  Blaisdell,  Baloit. 

Librarian — E.  A.  Birge,  Madison. 

Treasurer — Hon.  S.  D.  Hastings,  Madison. 

Curator — C.  R.  Van  Hise,  Madison. 

The  election  of  Secretary  was  postponed  for  one  day. 


Friday,  December  30,  9  A.  M. 
The  following  persons  were  elected  to  membership: 
Prof.  C.  R.  Barnes,  Prof.  S.  J.  Browne,  Prof.  J.  W.  Stearns, 

Prof.  G.  C.  Comstock,  Prof.  W.  A.   Henry,  Dr.  J.  M.  Dod- 

son.  Dr.  H.  B.  Favill,  R.  G.  Thwaits,  F.  J.  Turner,  L.  M. 

Hoskins,   F.   G.   Short,    F.   W.    A.  WoU,   all  of  Madison; 

G.  H.  Balg,  Mayville;  Pres.  E.  D.  Eaton,  Beloit;  Prof.  J. 

R.  Emery,  Ft.  Atkinson;  Emory  McClintock,  Milwaukee; 

C  E.  McLenegan,  Milwaukee;  W.  H.  Metcalf,  Milwaukee; 

Dr.  N.  Senn,  Milwaukee;  Dr.  J.  T.  Reeve,  Appleton;  Prof. 

J.  W.  Stump,  Whitewater. 
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On  motion,  the  report  of  the  Auditing  Committee,  rec- 
ommending  the  acceptance  of  the  Treasurer's  report,  was 
adopted. 

Professor  W.  F.  Allen  read  a  paper: 

The  Economic  Disturbance  in  Rome,  A.  D.  33. 

Professor  Lucius  Heritage  on  the  reading: 

Aliquid  Quam  in  Tacitus  De  Oratoribus. 

Professor  J.  D.  Butler: 

The  Imagery  of  Dante. 

The  retiring  Secretary,  E.  A.  Birge,  was  made  a  life^ 
member. 


Friday,  2 :30  P.  M. 
Papers. 

Professor  J.  E.  Da  vies: 

Interpretation  of  certain  Symbolical  Facts  in  Mathe- 
matical Physics. 

Also : 

A  Possibly  New;  View  of  the  Nature  of  the  Electric 
Current. 

Professor  E.  A.  Birge: 

Certain  Zoogloeas  described  by  Prof.  Wm.  Trelease. 

Prof.  G.  W.  Peckham,  of  Milwaukee,  was  elected 
Secretary. 

Voted:  That  the  Academy  express  its  interest  in  the 
studies  of  Prof.  W.  K.  Higley,  of  Chicago  on  ^'  The  Distribu- 
tion of  plants  in  Wisconsin."' 


Friday,  8  P.  M. 
Papers  read: 

•'Terminal  Moraines  in  North  Germany," 

Prof.   R.    D.  Salisbury. 

**The  Raised  Beaches  of  Lake  Michigan," 
Mr.   Frank  Leverett. 

Voted:    That  the  expenses  for  the  ensuing  year  be  regu- 
lated by  the  council. 

Adjourned  sine  die. 

E.  A.  BIRGE, 

Secretary, 
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THF.  SHCTIONAL  l-HATURH  IN  AMKRICAN  POLITICS. 


By  IIUMPURRY  J.  DESMOND. 


It  is  not  ahvnya  vaay  (O  ilottinuine  the  uiiiiii  threes  nf  iiiiliticnl  luHtOiy; 
but  ill  tilt!  i-Tntury  itf  AiiK-rlRnn  Prusitlents,  emlii);^  ivitli  l\u:  tumitli  of 
April,  IsSil,  Olio  intcniiitli-rit  ami  i-vcr  rwiirriiij;  »nierflloii  lias  licuii  tliat  of 
svutiomilisjiu.  Aud  thi' iiui-ritiuii  wnita  aiiiim^  tlit'.  |M.-r{iluxitiis  of  the  uew 
ccntur>'. 

Tliui^>  arc  gnmnilH  for  ie);anliii<;  it  ns  thtu  far  fAc  cimfrolting  fact 
iu  AmLTictui  ixJitius.  It  wait  uii  ovt'rMliadowiitK  iiiaui!  luug  Infori.'  the 
slavery  at;Uatk>ii  wiis  lautiulioil,  and  it  uoutinucs  a  |irobleiu  of  to-iliiy,  long 
after  slavory  luw  coa-wd.  aiiil  tlio  irreprussable  oontlict  lias  bt-en  founiit  out. 
All  the  larg(.T  ovi^iits  of  tlu-  const  it  tit  ional  t:iioi;h  CEirry  a  siKnilitMincf  to  tliu 
fact  fit  aectiiinulisni.  j^iii  aii  iiitei-cdt  and  importanco  from  tlieir  relation 
to  tliat  fact,  aail  may  Iv  !,'roupi-d  along  ltd  length  us  olT-nhiiots  fnnii  the 

The  theory  which  regariU  tlit^  cunittitutioti  as  a  "niiiU|>a<:t  lH>twe<.>D  tlie 
st^ett''  may  liave  beuii  tru-;  in  a  fnriiial  way.aud  on  tliat  ac'ciiuut  iiiauaiblu 
auioiiK  the  ductrinaires;  tlie  eaiteittial  condition,  however,  was  not  a  union 
of  Btates,  but  u  treaty  of  alliance  iietwttin  two  great  ttections  having  ()p|>o 
dte  civilixationH  and  diverse  intvrestt.    Ami  it  in  thiu  condition,  anil  tint  a 


theory,  that  confroiibt  us  in  oui 
politico. 

The  theory  figured  on  botli  sU 
ford  Convention  lieing  ui>  Ic» 
than  tliu  episiHle  of  niiUilicatirii 
lost  its  consistency  or  iiurpose. 


survey  of  the  first  century  in  Americaa 

i!H  of  Mason's  and  Dixim's  lino  —  the  Hart- 
i-xtreme  a  niiinifestation  uf  states'  rights- 
,  But  the  ciinilition  never  llm-tuatod  nor 
It  continued  from  thi^  lirst  tii 

inale_ 

cy  were  merely  tempo- 
■,  which  for  many  dajH, 
larger  :ind  the  snialler 
Tlic  alisurd  fear  of 
the  smaller  stateH  thatacloserunion  would  rivult  in  their  alisorptiuu  l>y  the 
lart^c  connuonwealths  being  allayed,  Madison  nduionislied  liLs  colleagues 
tliat  the  .stales  were  divided  into  dillerent  interests.  "  not  by  their  ditfer- 
eoce  in  sixe,  but  by  otiier  cironuistaneea:  the  most  material  of  which 
resulted  i)artly  from  climate,  but  principally  from  the  effect  uf  their  liav- 
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ing  or  nrit  having  sljives.     It  did  not  lay  hotween  tlie  large  and  small  slalos. 
It  lav  between  north  and  south/' 

Having  Katisfied  the  smaller  states  with  e<iuality  in  the  senate,  tlio  am- 
vention  i)roce<xied  to  its  vital  act  of  compromise,  hy  establishing  ecjuilib- 
riuni  lietweon  the  secti«»ns  — equalizing  their  strength  in  congress  and  in 

the  electoral  college. 

No  explanation  has  ever  Iwen  ofTercvl  as  U)  how  the  imrticular  fraction, 
**  b  "»  was  selected  in  determining  what  weiglit  the  numl)er  of  sbives  should 
have  in  the  ap[>ortionmont  ol  rei>resentation.  The  motit»n  came  from  a 
New  England  memb-.T.  Many  years  afterward,  the  question  was  put  to 
Madison  in  a  Virginian  assembhige,  but  he  preserved  silenct*.  It  remains 
among  the  curious  mysteries  of  that  historic  convention  which  have  never 
been  cleared  up.  A  plauMble  explanatirin  is  furnished  in  a  jxiiuphlet  en- 
titled, **  The  Lost  Principle,"  jmblished  at  Richmond  on  the  eve  of  the 
Civil  war.'  The  anonvm«>us  writer  argues  that  "  ?  "  was  chosen  in  order 
to  preserve  the  t*ipiilibrium  of  the  siK'tions:  that  the  South  would  never 
have  ct)useuted  to  it  on  any  other  plea.  If  the  m.'gro  at  the  south  were 
counted  as  a  whole  man  and  not  as  ihree-lifths  of  a  man,  the  slave-holding 
states  would  jH;.ssess  a  clear  majority  in  tiie  ru*st  electoral  college. 

The  balance  l)ecame  api)arent  in  the  census  of  ITUO.  The  [Mipulation  of 
the  uortiiern  states  was  found  to  be  1.077.0(H);  that  of  the  s<.uithern  states, 
1,952,000.  Theadniis<sionof  Verumut,  Kentucky  ami  Tennessee  established 
a  perfect  balance  in  the  s;»nat«i — eight  slave-holding  states  and  eight  free 
states,  making  up  the  union  at  the  beginning  of  the  century. 

Federalism  and  A nti- Federalism  jn-incMl  a  transitory  issu«»  —  the  great 
fart  of  >ection:ilisiu  assorting  itself  with  a  di^raiiiaul  earnest iie^s,  after 
Hamilton  had  bn)k»?n  witli  Ma<lison:  and  after  the  ]»regnaul  t'oiitroverM' 
of  tlie  Serrelarv  of  State  witli  the  S  >'jrel.arv  of  tlie  Treasiirv.  a-.Toss  the 
(!Ouncil  b'>ards  of  \Vasliini;lon's  first  cabinet.  Lt  had  cropped  out  even  in 
the  sel««ctii»!i  of  tlrit  c:iliiiiet:  it  came  fortli  arousod  at  ilamiltoii'.s  liscal 
proposals:  it  inanilested  itself  in  southern  objectiini  to  the  admis-iou  of 
Verni'Hit.  a'ld  in  n;>rtli"rn  nlkj.'elioa  to  t'ae  adniis^ion  of  Iventuckv.  Bv 
tile  end  of  Washin.jclna's  term,  tlu»  lines  wen*  fully  and  sharply  drawn; 
mut;h  to  the  <li^taste  and  ilisplea?ure  of  the  father  ni'  hi^  country,  ton.  In 
his  farewi'll  adilres^.  lie  expresses  s'tIous  cnnci-rn  that  •'ground  .■^lit>ul«l 
have  heeii  furuiMu'  l  for  eliara«"teri/ang  [).irlie-»  by  geo-raphieal  'liM-rinji- 
nations,"  n.'ganlin.u:  it  as  a  serious  disturbance  to  the  union.  Sueh  «li.^- 
criniinatioJis  a|)peared  in  a  marked  de;;ree  when  the  task  of  elioosing  bis 
suctH'ssor  was  reached.  New  Knglaml  gavi*  her  solid  vote  to  .loiin  Ailams. 
Th-' S  >uih  eist  six  s-jveiillis  of  her  vot**  for  Tlmiu  is  ,jeir»'rsi)n.  iKivvn  to 
ISIO,  th'^  Mime  se<-ti«»nal  |»rocee<ling  was  rehearsed  in  (.very  presidiMitial 
<-oiitest. 


'The  L'»^t  I'l  im-'iilf.  hy    r..irl);iii'i»ss:i.    KicliJu«»niL   InH'.    Tin- .ii.tlit'r  is  si;|nii,>."i  lo  !.•» 
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Thf  Sei'tioiifil  Feature  in  Ameriran  Pnfifirx. 


II. 


It  woiilil  lie  iiu'roly  n-jioatiii^'  faiuiliur  liistnry  t<>  dcscnlio  ihi' frt>r]iicnt 
iHWtiiinnl  I'luslies  tlial  eiisui!il  ilmvn  lo  the  c\v  iif  XHoc^Jon.  Hfitli  iiorlh  ami 
south  wt^re  tli'>r<iii;;Iily  alive-  to  lln-  HtHrtionjil  Uiiriri)f  ot  evi<r,v  iiii|iortnnt 
^UiMtiiin.  XoIkxIv  iluiilits  tln'  ntiitc«iiiaiislii|i  ijf  the  IdiuiHJanu  (Xin'liasc; 
ret  thai  liruuil  aTiil  tiniisi>wi>rtliy  sti'iikc  nf  juitrinlisiii  n-!i-<  liilti-rly  iiiinliked 
at  the-  tiniu '  and  ilie  liiislilily  <;Hiijt-  u-}i(ill}  fiimi  Ni.'u-  Kiisluii't,  ji'alouii  of 
Iht  (;liaii['i- fur  irii'n'aHMl  |iro»tij,'i'' wliii'li  this  new  IcrriloryKave  the  («iuth. 
Tlie  Hartr..r-1  Ccnvt-iitloii  of  ISI-J.  H-aw  Ihi-  Luliuiiiiition  of  X.:w  Fii^land'a 
anti-naliimal  foolin;;:  oim'D  thmils  to  "  <-iit  thi-  coiini'dioii "  u-jth  thf  iimjnr 
I>artof  th<.>  union  and  iii.vri.>l  iiliittiii;;sliiinviti.-  Uitniiilian  and  British  alliance 
arc  evidt'ni-i'H  of  tho  rauipiiut  diHiiiiloiiijiin  Ihcrv  |ir«vak'nt.  Tin-  Smith  and 
the  West  nevpr  fonjnt  tin-  ilislovalty  of  Xi-w  Kwrfund,  dtiriUK  Ihi-  war  (if 
1312:  anil  we  ucv  the  forcy  nf  ri.'iiroai-li  which  that  record  Iiml,  in  llaynea' 
deltato  with  WplHUr.  tuvnty  yL'aiv  l:it<T.  Tliat  fuinunrt  doliate.  nud  ihu 
■trainwln'lationiim<)othwl  hy  till}  Missouri  ciuiiiirumisf  in  IS«IK  intiitiiti-d 
how  irr(.'|)rertsi1ilo  a  fui't  sectinnaliMin  liiid  iMi-ntiit-. 

Up  to  ]XV\  w(?  hiivf  the  |iliimuiiiHion  in  "ur  iiulitical  history,  whiili  haw 
liven  siHtkuii  of  OK  "  tlu'  Iwin  liiith  of  ftlalcs."  Kvi-ry  additional  fn-i-  Matt 
was  follmviil  liy  tliP  ail  mission  of  a  hliive  slati- in  onli-r  ■■  tu  iiri."ncrvi' tlio 
Iffllance,"  The  dii-tiiniiil  li-adyM  lii';cii"  lonkinj;  anxiously  to  Ihi-  ftiluri', 
andaslliefiinli-st  ;xiv»-  iiiintfiisily,  lhfs.iiitli  l.iitiTly  chidcil  ilsi'lf  fr>r  ar- 
i.iuiwuin^  in  the  ordiiianci-  tif  ITS",  which  forhado  slavery  in  thi-  iioi-thwebt 
terrilory.  and  in  thf  Missouri  i'oni|iroiiii--f  of  ISail,  ivhit'li  siiul  mit  sluvory 
north  of  the  thirly-sixth  puralk't.  Th<-  aiiiii'xaliou  of  Ti'xas  and  llic  Mexi- 
can war  wi'redistini-tivelysouthfrnmi'asnri's,  p!;iuni?il  liy  ihi^souri'dstatcs- 
inanshl))  r>f  Ciilliiinn.  lo  r<-da--<s  lln'  li.Uani'i:  and  ^ii,->'  the  south  ntiwriioni 
fur  more  stato  making.  Tlu>  nnrllK^ni  l)ein<H'rac-y  riittii:  into  lhu]>arty  cou- 
vwiiioiinf  1^1 1.  wiih  a  on.Udrtte  and  a  iilatform  a.lvi-niie  to  the  Texan 
liohcy  ofthes'iiiih;  hut  the  south  had  its  way.  And  at  tho  same  tiini',  with 
the  d.dil)eratf  coniiivanof  of  (■alhoiiii.  thr  I'nili'd  Si.itfs  nn'eikd  from  its 
positiou  in  th.r  On-a-n  .lis|.iile  with  Eiij,diuid.  Tliefoity-iiinlli  |iarttlli-l  was 
aci-ejitfif  as  our  lu.rlh-tiiu-t  l«iinidnry  iiiMt-ail  of  .".4   W  :  li-rriri.ry   sultii-i.-nt 
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equilibrium  of  the  sections  wiis  to  be  an  imiwssibility  in  the  future,  and 
the  plan  «>£  secession  was  brojicheti  as  the  ultimate  sequel ' 

Webster,  in  his  •*  7th  of  March  speech,"  alleges  that  up  to  1850,  three- 
fourtlis  of  the  places  of  honor  under  the  United  States  government  were 
held  by  southerners.  Alexander  Stevens,  in  his  famous  apj^eal  against 
secession  in  1860,  drew  the  attention  of  liis  countrymen  to  the  fact  that 
since  the  beginning  of  the  government  the  South  had  eighteen  out  of  the 
twenty-nine  ju-stices  of  the  Supreme  court:  sixty  years  of  stmthern  presi- 
dents to  twentv-four  of  northern  presidents:  tw^ntv-three  out  of  thirtv- 
five  speakers  of  the  Iloust?  <»f  lU'prosentatives;  and  eighty-six  out  of  one 
hundred  ami  forty  foreign  ministers.  The  South,  as  represt^nted  in  the 
Senate,  was  thoroughly  alert  and  determined  to  reject  any  appointet^s  un- 
favorable to  southern  interests,  or  tainted  with  free  soil  convielionb.  Mr. 
Stevens  challenged  his  fellow  stuitherners  to  answer  whether  they  could  re- 
ceive better  treatment  under  any  other  government  than  they  had  un<ler  the 
Union,  and  whether  they  could  comjwnsate  themselves  for  the  lt>ss  of  an 
advantageous  partnership  in  any  greater  degree  of  intluenceand  patronage. 


III. 

The  South  went  nut  of  the  Uni(»n  in  I860  not  to  j>reserve  slavery,  but  in 
the  disappointment  of  sei'tional  defeat.  It  was  not  the  institution  of 
slavery  that  was  threatenetl.bnt  its  extension  as  an  element  in  the  increase 
of  the  stmthern  system.  Even  upon  the  thn'shold  of  his  administration, 
Abraham  Lincriln  wanted  the  soiuli  to  understand  that  the  natitnial  gov- 
ernment ilid  iu»t  ]>ropose  to  interfere  with  slavery  where  that  c<»nilition 
was  established:  but  he  ^tolul  for  tlie  policy,  liiat  >lavery  was  an  evil  wliieh 
should  l»e  isolated  and  not  extended.  When  I.in«-ohi  ileclared  that  tlie  na- 
tion could  n«»t  go  «>n  existing,  half  slave  ami  liaif  free,  liis  meaning  was 
against  the  sirifi*  of  >lave  sectionalism  and  free  soil  sectionalism,  competing 
for  the  new  .states.  an<l  maintaining  an  equilibrium  of  liberty  and  servitude. 
Secession  was  the  southern  alternative  to  seclional-eiiuiiibrium-destroyed. 
Assoon  as  the  s«)Uth  lo^t  an  e<|ual  share  in  tlie  political  pa rtnersliip.  she 
made  up  Iht  mind  to  go  <.)ut.  Her  proportional  im]»ortanOi'  miglit  be  re- 
siK»i'tcd.  and  slavery  might  be  let  alone.  But  when  fate  had  i»rilained  that 
proportion  to  be  less  than  an  equal  one.  the  traditional  puiitical  self-esteem 
of  the  south  rebel  let  1. 


•  Mr  (.Mlh.'iHi.  ill  hi-*  si»'.'eh  •»f  '\I?ir\.':i  1.  KVi.  aivufS  timl  lli-  unU>!;  was  •:*nilaii;:i*rHti  ].y 
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rutillt.'*!  anl  t!u*  i:ov»Tij:ii":it  i>ut  in  action  h;is  het-n  i/»  •^trtit/:"!. 
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The  Sectional  Feature  ht  Awericnn  Politics. 


What  li&d  destroj'ol  the  sectional  eqiiilihriuiii  anil  made  all  tho  Htrenuous 
eSFort,  the  [lolitical  flncRsv  and  tlin  brilliant  i)trok(>K  i>f  southern  statesmca 
tingatur>- and  imixitciit  7  Thi- aniiw<-r  jh:  (•miip-utUm.'  Xi-xt  ti>  the  fact  of 
aectionaliiui),  I  cuncoivt.-  the  iihL-nomcnoii  of  niuirtcentli  ct'ntiiry  ciuif::ra- 
tiun  to  America  to  U'  thu  iiioi*t  notable  ciruumetanfi'  in  our  later  history. 
It  wa-s  t;rcntor  uunieiioallr.  tliaii  tlic  vant  tiarhiiriaii  nii)jrntiiiii  that  over- 
tumcil  the  Riiiiiun  <>iiiiiire.  To  my  uiiiiJ.  it  Iioh  ivniuKhl  in  llii-  nation 
Other  Miii>ortant  rt.'t>iiltd  lif^iili'H  tlii.-  transTonnatioii  of  the  H(.■l^tional  ^ues- 
tiun,  liul  if  none  (ith'.T.  that  alimc  would  have  iieen  enough.  The  belated 
<»>l<ini nation  of  AiiiiTica  iiy  In'Iaml  and  (icnuiiny  t^ave  tbu  mirth  her  na- 
UM-rical  j>re|Hinderanci'  in  tin*  cciihus:  ciilarKuil  her  rel.itive  Ktri-n;;th  in  the 
House  «f  Heiin-seritaliv.'M;  tllUHl  the  |iluci'a  in  Iht'  east  of  tlie  army  oC 
young  men  Koinj:  wtiil  iind  then  fiillonrnl.  in  renewi.Nl  wavi.>«i)f  immigra- 
tion, the  western  jjinneiTs.  Know  nothiriKLsm  ariKU-  like  the  sjimjter  of  ibe 
alanucHl  slave  master  —  th«  jrhiist  of  wllfeh  fieeniiancy  wbi'ther  vt-ated  in 
human  clinttels  or  hi  tlie  i-haltel  of  s<K:ial.  i>o1itienl  and  imlustrinl  nioehin- 
cry  —  hut  the  ho]H-iif  cM'alin;;  a  sit-tarian  inslpail  ufa  HN-tional  line  of  demar- 
cation failed.  Tliis  i:lever  ex|>t'<li<-nl  of  the  southern  Whigs  was  futile  to 
withhold  the  inevitahle  end  of  the  equilibrium.  Anil  whi-n  the  task  of 
crushing  the  reU'llion  waa  ujHiu  the  nation,  the  fiireigu  lK>rii  soldier  waa 
also  thi-on-n  into  the  seal*'  against  the  8oHtli;  tliousiiuds  of  naturalized  cit- 
izenn  were  drnfteil  into  a  ttehiiol  of  ]>atriotisni  whic'h  made  tlicoi  irre- 
pmai'lialily  American,  antl  thousirnds  of  the  desci'nilauts  of  nn  i-arlier 
cniii;ratioii.  ty|iill(>d  in  gi-neraln  like  Sheridan  and  }b>sei'raiis,  were  alfO 
It  elements  in  the  vii-tory  of  the  north.  Had  this  eniigriiliongone 
hmhtedly  luive  t;ounled  in  a  ditTeri'iil  solution  of 
would  mil  ln'  idile  to  tnice  a  direct  conneetion  be- 
n-land and  the  KnianeijKilion  rr.Hlamation.  The 
jigranis  who  diwtroyfi  llieM-rtion.il  i.i[uiEibriuin 
r  Providence.     Yet  llif ri' was  nolliing  airiilental 
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ceivetl  her  share  of  the  emigration,  and  the  census  of  1850  would  show  a 
population  in  the  slave  state>  equal  to  tliat  in  the  free  states.  Now  the 
truth  of  the  matter  is  that  without  thp  taritf .  and  with  the  fullest  reign  of 
squatter  sovereignty,  tlu*  result  would  not  have  heen  different.  The 
North  was  destined  to  i.ibtain  the  bulk  of  emigration  in  any  event.  The 
natural  rej)ulsion  and  anti|)athy  between  free  labor  and  slave  lalH:)r  settled 
the  question  in  arlvance.  Slavery  would  have  starved  free  lal»or  out  of  the 
South,  even  had  it  st>ught  entrance  there.  The  peculiar  civilization  of  the 
South  gave  the  North  all  i\w  advantages  of  dt'veloiuueut.  Had  southern 
leadership  at  the  start  been  of  the  style  of  Jefferson  Davis  and  Rol>ert 
Toombs.  rathtTtlian  of  the  temperament  and  range  of  Madison  and  Jeffer- 
son, the  lead  which  the  S  mtli  gained  and  held  for  .sixtv  vears  could  never 
liave  been.  The  natural  ;;rowth  of  the  country  was  against  her  etiuili- 
brium:  but  the  tra«litions  of  a  lofty  statemaushi])  kept  her  in  the  ascend- 
ant. It  might  have  iH'.-n  f<.>retold  at  the  treaty  establ  >hiug  e  |uilibrium  of 
the  sections  in  1 1?57  that  unless  emigration  was  to  be  shut  out,  as  well  as 
the  imfjortation  of  slaves,  after  1*^m7.  the  Soutli  was  doomed  in  numerical 
inferiorjiv.'  i.)therwi»c  it  was  starting  a  nation  with  all  the  eonilitions  of 
enlargement  and  pni;^res'^.  with  h".dthy  life  current**  an  1  virilo  in^ititutions 
in  a  raee  for  the  a."*cend.incv  with  a  nation  alreadv  nal-ied  l»v  >tM*vitude  and 
murtga*;ed  in  half  il^  eiier-ji.-^  i.»  an  ctfei**  eivili/.atimi.  Tin- <hip  which 
caught  in  it- .>aiis  overv  laee/t'  ivtmx  over  ilie  .\il:\!itic  \\a^  !•  »uiid.  even 
again<t  *»\»\<.  x**  Miri^irip  ilie  -ilaver  beealnn-d  in  a  drad  -".'a. 


IV. 


s 


A  table  '»f  tlu"  stvti'iiial  eleetnral  vnte  in  tlw  leailin..'  l*r«-si..li'istial  conti'Sls 
since  17H»*'.  will  <how  rliat  the  war  has  hadiioetrei-t  mi  thi-aiiiniu- <.if  tlie  sec- 
tions. New  Kngland  aiul  tin*  ooutlv  are. "still  at  oppo^ii.-  poIe>.  Hut  a  table 
of  th"  aii|»orti«»n!uent  nf  the  el»M.'toral  vote  under  the  several  efu^ii^es  r%ince 
17l)o,  will  illustrate  important  t'hanges.  i'Ia*'«'ing  Di-lawar.-  a-<  a  ^«»uthern 
ratlier  than  a  middle  "^tali*.  our  table  indicates  that  the  S.-uih  ea>t  nearly 
one  half  of  the  vi)t«*  «)f  the  »'lei*loral  eolli.'^e  at  tin.'  be^innin.;.  She  ea-t** 
thirry-ei-iit  ju-r  cent,  of  the  eleet.ual  votes  uniler  the  tM"n>U'-  ot  1SM».  The 
New  Kngland  >ecti« in  had  twenty-eight  percent,  of  tlie  c-leetural  vote  in 
179^:  today  she  ha>  le>-*  than  ten  ju.»r  cent.  n(  it.  The  niidtlle  secti'iu  con- 
sisting ot  New  York.  I'ennsvlvania  ami  New  Jer"?«'v  ha«*«leclinH.l  nni'-h  le^-i 
than  New  England.  an«l  rathi-r  lerss  than  the  South:  while  the  West  whieh 
cast  a  little  more  than  one-tifth  of  the  electoral  voif  wlien  Abrahani 
Lincoln  wa?»  a  can«li«late.  now  casts  a  thir«l  of  the  whoh-  vot*-,  and  bid-  fair 
to  ca-.t  almost  half  the  vote  which  shall  nlcct  a  president  in  ll>24. 


•  l)i;i|i»'r  ■  AwnTi'Mii  Civil  W.ir.  1  W".  piii*-  tl«i»i  •ipini.ui  iii  tiiv  ;ii"iiTli  ni"  tii»«  >l.iv-ljr.l>.l«'r; 
•■  Tl.-  iiii>tak<*  wif h  n**  Ii.-k  lK*fn  that  it  was  not  in:iJ<»  fcli'iiy  t'»  l.rin;;  in  an  Iri-*!jman  when 
it  was  lua-h*  piracy  f>»  'irin;.'  in  an  African." 


The  .irrfioii'il  Fiit'iire  in  Aiihriiiin  f'nUHcit. 
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The  admission  of  four  new  states  to  the  Union  will  further  tend  to  over- 
throw the  old  sectionalism.  Dakota,  with  an  area  larger  than  any  other 
political  division  except  Texas,  with  a  rapidly  growing  population,  and 
with  sufficient  fertility  to  support  three  million  people,  has  properly  been 
divided  into  two  states.  Washington  and  Montana  having  passed  the  re- 
quirements ros])ecting  population,  have  come  in  as  growing  and  influential 
states. 

The  effect  of  these  new  additions  to  the  Union,  so  far  as  the  historic  sec- 
tions are  concerned,  may  be  estimated  as  follows:  In  the  electoral  college — 
the  southern  system  of  states  w^ill  have  150  votes;  the  northern  system  will 
have  270  votes. 

In  the  Senate  sixteen  southern  states  will  be  represented  by  thirty-two 
seats;  twenty-six  states  of  the  northern  system  will  have  fifty-two  seats. 

In  the  House  of  Representatives,  the  South  will  be  entitled  to  some  120 
congressmen;  the  North  will  be  entitled  to  over  230  congressmen. 

The  most  insurmountable  political  ascendancy  is,  <^f  course,  more  prob- 
able in  the  United  States  Senate  that  elsewhere.  Sectionalism  throughout 
our  entire  political  history  has  nowhere  been  better  preserved.  While  the 
country  has  been  br(»keu  up  irrespective  of  Mason  and  Dixon's  line  in  the 
House  of  Representatives,  and  while  great  states  of  the  North  have  shifted 
their  i)olitical  allegiance  with  a  reassuring  Bjiontjmeity  at  Presidential  elec- 
tions, the  Senate  hafe  always  continued  in  a  large  sense  a  mirror  of  deep 
rooted  geographical  differences.  Witli  a  brief  and  uncertain  interval  of 
doubt  it  has  now  been  uninterrupted  passession  of  the  prepond«*nint  party 
of  one  section  for  nearly  thirty  years,  and  unless  new  ami  unforeseen  eventa 
or  issues  aris'j,  it  bids  fair  to  continue  that  political  ascendancy  for  many 
years  lon^'ier. 

V. 

The  growth  of  the  West  has  established  a  count «.'r-l)aUiii(.'e  to  southern 
sectionalism,  and  the  overthrow  of  slavery  has  ten<KMl  to  remove  the  es- 
sential (lilTerence  between  northern  and  southern  civilization.  Though 
the  bitterness  of  the  strui^L^le  for  e«iuilil)riuin  has  survived  the  war,  there 
has  be(Mi  a  gn»wing  recognition  of  the  transformed  condition  of  tbe  prob- 
lem. B«.»llicose  politics  have  ♦^one  out,  shirted  in  ridicule;  ridicule  which  is 
the  right  ni(»dieine  for  all  earnestness  that  outlives  its  |>urj)ose.  And  the 
imaginary  danger  from  a  solifl  South  is  ai»tto  vieM  to  some  eonsi«lerations: 

1.  It  isporceiveil  that  the  south  is  solid  to  «lay  rather  for  iloniestie  than 
for  national  reastuis:  it  is  not  a  sectional  caucus  .-^olidiiied  for  tlie  puqiose 
of  gainin;;  some  crintention  against  the  other  seeti<nis  as  it  ligure«l  in  ante- 
bellum days.  It  is  rather  a  domestic  problem  which  makes  the  South  solid. 
The  white  man  has  grajjpled  with  the  hl-ick  bear:  and  he  has  no  choice 
alH)ut  letting  go.  The  South  is  solid  to  save  herself  and  not  to  domineer 
over  the  nation. 
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2,  Scctionaiism  of  a  M>rt  we  must  always  hare.  We  cannot  e«vape  it. 
Sectional iitm  wtiich  airayfl  the  nation  into  tn-o  htuililu  eam]K)  unil  uiain- 
taina  an  mniililirium  of  iK))itical  iwtwer  at  the  prire  of  iinj[Mf^itinK  slavery 
is  deploralile;  liut  tliiit  Icinil  of  secticinnlism  is  fnrtiiniitely  destroyvd;  its 
causes  lilottc<l  out;  its  cliancc  of  recarrenct-  satisfHctoriiy  reninrc*!  by  th« 
growth  of  the  vveKt,  nnil  the  stury  of  cnii^raliou.  St^'tionalisia,  which 
docs  not  lh^'ide  tlu^  nation  into  two  t!ei)fira|>liii;al  camiM  or  into  liostile 
cirilizatiiin:  hut  whi<:h  niay  split  it  u[>  into  three  ur  more  eonii^ies  of 
Gtati'S  nt  issue  on  matters  wliich  dii  not  ^>  so  iJee|i  uh  the  Untu  stuinling  feud 
between  ('avalier  unit  I'uritun  is  tolerahli.-.     And  it  is  ineriiahle. 

The  sertionaliaui  wliieh  niaki^s  the  Snuth  wtUd  to-ilay,  or  which  may 
Dialie  its  solidity  u  eondition  in  tlie  future,  is  to  l>e  IhijIiinI  ii]ion  ns  of  tliijj 
mihler  eluinurtei-.  Tlie  west  may  furnish  us.  in  the  years  to  come,  the 
most  Li.ins)iieuiiUB  pliaw  of  such  s«.-eiiiiiiiUisni. 

In  fai-t,  tile  issue  of  the  late  1'n.Midi'ntial  contest  was  said  to  aim  at  cre- 
ating; "a  new  sectionalistu" — niui  that  UiiKht  cleave  llie  enimtry  fniui 
north  to  soutii,  Jiiid  urrtiy  the  states  into  luauufacturintj  and  nKricnllural 
belts.  A  lirief  eiKwh  of  that  kind  of  sectiouulisiti  inifflit  la.'  wholesome  in 
getting  the  n;ili"n  away  from  its  old  jiartisaii  luooriiiKs,  and  castiajj  ovcr- 
Isiani  the  efBgics  of  a  contlict  that  was  well  ended,  if  it  hiul  l)ecn  tended 

The  rjiieetirii  of  Canndiim  annexation  is  a  matter  somewluit  related  to 
our  sectional  iiueslion.  Following  our  system  of  t;ovemuient,  iin  in(Iei>eud> 
cm  C'nnada  would  Iw  ft  lesser  United  States  sjieaking  the  same  lanKuaga, 
clierishiiig  similar  inHtitutiona  and  one  with  us  in  race  and  religion.  Such 
&  neighlwr  would  lje  a  jKiwerful  magnet  of  ilisinlegrnlion  sliuuld  the  New 
England  anil  Middle  Stntes,  for  instance,  disagree  with  the  South  and  West 
on  any  imiHirtant  issue,  iind  be  hoiK-li-s.sly  out-voiiJ  in  I'ongress..  The 
commercial  interests  of  t)ies<?  sections  might  dmw  them  into  an  alliance 
■with  the  Canailian  Ke]>ublic,  ending  in  the  setting  u]i  of  unew  confederacy. 
Tills,  of  course,  is  rather  [irohlcmatical.  hut  it  is  often  the  unex]wcti.<d  lltat 
hajipenH.  Either  we  must  anneK  Gaiiuda,  or  C^anndii  will  disinti-grate  us. 
And  it  may  Iw  a  serl'ius  i|uestion  whether  it  is  not  liett^.-r  to  take  her  while 
slie  is  young  and  tradable,  rather  than  wait  until  atiti)iathies  in  [xtlitical 
feelings  are  tiMi  fai-  geiieratiil  to  iniike  union  easy  and  agn-i-ahle. 

It  tem;iln8  to  !«■  said  that  if.  for  ihe  sake  of  a  iierfiit  I'jiion,  we  would 
wish  to  have  as  liitle  sii-tiimal  feud  in  till' fuluiv,  Jis  iHWsihli',  we  must  be 
o1>servnnl  of  th.-  stri<-t  letter  of  the  coiiftiluticm  and  learn  lo  udiiiirc  it  ns 
wftrmly  for  the  rewtraiuts  it  imposes  uii  Federal  [m)w<t  as  fur  tlie  functions 
it  grants.' 


ippif.  Brris-  CAi.i.  CniimiunBmltl.H,  II.. 'ffl3.i  l-'lh'H-a  tliiit  -tiuf  miliil  Htat-a  nri>  no 
morf  likclj-  lu  iliiw.lvv  ilitiii  If  th-y  w-re  n  iinlllxl  n-inibllL-  1ik<-  Kmiin-  ur  a  aninvl  innn- 
arehr  liki-  Italy.'"      H.'  niiti-«  "ilii-  uninluc  t.ln'ti;;lli  <>t  Un:  ceiilrli-'lul  awl  iialfylng 
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A  federal  government  attempting  to  do  a  great  many  things  in  a  great 
many  directions  is  sure  to  arouse  warring  int4?rests  and  clashing  influences. 
And  in  a  country  which  reaches  from  the  Atlantic  to  the  Pacific  and 
touches  the  tropics,  and  stretches  out  to  the  land  of  the  midni<j:1it  sun,  all 
such  interests  and  influences  are  more  or  less  geographical  and  sectional. 
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ARTIFICIAL    KEYS 


TO  THE 


GENERA  AND  SPECIES  OF    MOSSES 

RECOGNIZED  IN  LESQUEREUX  AND  JAMES'ft  MANUAL  <.)F  THE  MOSSES 

OF  NORTH  AMERICA; 

By    CHARLES    R.    BARNEwS, 

Fro/fssor  nf  Hotanif  in  the  I'lu'rvrsittj  of  Wijfconsin.  Mnilimin.  Wis. 


INTRODUCTORY. 


In  the  summer  of  1886  I  published  a  key  to  the  genera  of  mosses  recog- 
nized in  the  Manual  of  Lestjuereux  and  James.  From  tlie  demand  which 
has  oxiiausted  a  large  edition  of  that  key,  I  liave  felt  that  the  object  of  its 
publication  was  reasonably  attained,  that  it  really  was  helpful  to  students 
of  mosses.  Although  much  misgiving  was  felt  as  to  its  accuracy  a  con- 
siderable use  of  it  has  revealed  but  one  serious  omission,  and  neither  time 
nor  its  users  have  indicated  to  the  author  how  it  could  be  materially  im- 
proved. It  is  therefore  reprinted  here  with  the  few  alterations  which  have 
seemeil  desinible. 

But  since  there  are  no  keys  to  the  si>ecies  even  of  the  largest  genera  in  the 
Manual,  the  novice,  deserted  aft<?r  reaching  the  genus,  is  left  almost  as  much 
bewildered  as  if  he  had  not  Iwn^n  led  so  far.  I  have  therefore  l^een  induced 
to  prepare  keys  to  tlie  species  of  all  the  genera. 

The  only  plea  for  such  work  is  its  anticipated  usefulness.  I  hoiMj  that  it 
will  stimulate  some  t«>  undertake  the  study  an<l  collection  of  mosses  who 
have  heretofore  been  deterretl  by  th«?ir  lielplessness  in  the  determination  of 
them  without  more  expensive  aids  than  the  amateur  usually  possesses.  An 
earnest  student  equipped  with  ])atience,  some  skill  in  dissection,  a  com]>ound 
microscope an«l  tlie  Manual,  (Hi;^ht  to  be  able  with  the  adilitioiial  assistance 
of  these  ke3's  to  determine  the  names  of  most  of  the  mosses  which  ho  can  col- 
lect. Those  wliich  remain  uncertain  he  can  refer  to  tliose  wlio  [uissess  the 
illustrations  an<l  exsicvati  wliich  are  often  indispensable  for  identification.  I 
shall  be  disai)pointed  if  these  keys  do  not  encourage  more  to  enter  upon  the 
study  of  this  exceodingly  interesting  group  of  plants,  which,  with  the 
Hepaticje,  are  m«>re  neglw^ted  than  any  of  which  we  now  have  accessible 
descriptions. 

In  constructing  these  k^ys,  I  have  thought  it  wise  to  make  few  changes 
in  the  nom<»ncl:iture  or  in  the  rank  of  siKicies.  Of  many  in  the  Manual 
neither  tin?  present  names  nor  the  autonomy  can  be  maintained.  The 
changes  I  have  made  are,  with  one  i.'xception  (Dicranum  fuscescens),  con- 
fined to  the  two  genera  which  have  been  revised  since  the  appearance  of 
the  Manual  in  ISSI,  viz..  Sphagnum,  by  M.  Jules  ('ardot.of  Stenay,  France, 
and  Fisshh:n8i  hy  the  author.  M.  Cardot  is  now  engaged  in  a  revision  of 
Fontinalifi  and  i>/c7i(7//ma,  and  I  regret  that  his  results,  have  not  yet  been 
published,  that  tlu^y  might  Ihj  in(!luded  in  tlie  present  keys. 

I  have  included  in  the  keys  all  the  new  species  known  to  iiie  whicih  have 
been  published  since  the  issue  of  the  Manual  and  before  1890,  when  the 
relation  of  these  could  be  ascertained  from  the  descriptions  and  figures. 
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(It  Is  worth  nothing  that  a  conBiderable  number  ot  new  species  aro  about  to 
be  pubUshod  in  the  BiUlctin  of  the  Torrvy  Botanical  Club  and  in  the  Botan- 
ical Oaxette.)  Two  gi^nera,  Eiicladiain  and  ilt'rceya, '  liave  been  indicated 
as  new  to  North  Auicrioa.  The  former  Iioij  l>oen  inchidei)  in  the  key  to 
genera.  The  relationsliip  of  thi'  latttT  is  so  [iroblematical  tliat  I  have  been 
cciuipelled  to  omit  it. 

The  uiiinber  in  bulil-foce  tyjic  followiii);  the  namcuf  n  (;cnuB  in  the  key  to 
genera  refers  to  tlie  pagu  of  this  piihlicatiuu  where  tlie  key  to  its  species 
may  lie  found.  The  other  numlKT,  in  ordinary  type,  is  tliat  of  the  (lage  in 
the  Manual  where  it  is  deKcrilietl.  Wlien  tliere  it  only  the  latter  the  genus 
contains  hut  onu  species.  Tlie  number  following  thuspecies  (in  tlie  keys  to 
species)  is  the  same  an  it  beaivt  in  the  Manual. 

It  will  be  found  in  a  nuuihet  of  caKes  tliat  the  keys  contradict  diameters 
assigned  in  the  Manual.  I  liavenot  knowingly  jtoriuitteil  such  contradiction 
without  having  good  reasons  therefor,  sij  that  they  must  be  coit-iidcred  as 
corrections,  and  not  accidental.  There  may  Im:  mistakes  among  themj  it  is 
highly  proliable  tliat  there  are  some  elsewhere.  I  should  begkidto  receive 
notice  of  errors  or  omissions  from  any  who  detect  them. 

My  tlianka  are  due  to  Mrs.  Elizabeth  G.  Brittott,  for  kind  assistance  in 
several  iioints. 

Charles  R.  Barnes. 
U.sivEitsiTY  Of  Wifico.ssiK.  FtJinturif  8,  IS1H>, 
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ANALYTIC  KEY 


TO  THE 


GENERA    OK    JMOSSES. 


OiiDKK  I.—  SphaernacesB. 

■Capsule  dehiscing  by  a  deciduous  oporculucu,  peristoiuo 
nonCf  leaves  composed  of  large  hyaline  cells,  with 
intervening  rows  of  small  chlorophyllose  ones. 
Genus  single Sphagrnum,  12.  24. 

OUDEU  II.— AndresBaceas. 

Cap.sule  dehiscing  hy  four  (rart'ly  six)  longitudinal  slits. 

Genus  single Andresda,  25.  2(». 

Ordkr  III.— ArchidiacesB. 

Capsulf  l>ursting  irregularly,  spores  f(.»w  ami  very  large. 

Glmuis  single Archidium,  49.  2S. 

OiiDKK  IV.— BryaceaB. 

Capsule  bursting  irregularly  (siK.)re3  numerous)  or  gen- 
erally dehiscing  by  a  deciduous  operculum,  in  the 
latter  case  usually  furnished  with  a  peristome. 
Leaves  not  sphagnoi<l. 

Genera  numerous  as  follows: 


I.     CLEISTOC'AUPI.—  Cdpsulc  loithout  a  tlccidnon^  oiierculunu 


A.     Crreeu  pmtouvma  in^rsistcnt. 

Leaves  ecostato. 

Capsule  c(»lorless    . 

Cai>sule  ei.)lored 
Leaves  costate    . 


3Iioromitr]um,  87.  2(i. 
Kphemoruin,  87.  2<». 
Ephomermu,  37.  20. 
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B.     Qi-een  pvotoncma  not  xicrsistent. 

Margins  of  leaves  flat  or  incurved. 
Leaves  iance-olx)vate  to  broad-ovate,  not  al)ruptly 

pointed Pliyscoiuitrella.  89. 

Leaves  linear-  lanceolate  to  subulate  or  abruptly  iK)inted. 

Calyptra  mitrate liruchia,  45.  27. 

Calyptra  cucullat'e riouridinm,  43.  27. 

|A»toniiiin  Diay  besought  heif'. ' 

Margins  of  leaves  more  or  less  re  volute. 
Capsule  spherical        ....  Spha^raugiam.  40.  27. 

Capsule  short-iK)int<»d. 

Calyptra  mitrate  ....  Microhryuiii,  45. 

Calyptra  cucullnte Phase um,  41.  27. 


n.    STEGOCARPI. —  (Uipsule  with  a  chciduons  operculum. 

A.    ACROCARPI. —  Flowers  and  fruit  terminating  the  stem,  either  tlie 
main  nhoot  or  a  branch. 

1.     Mouth  of  the  ca jiHulr  naked. 

*  Leaf -cells  tnodia  metric,  at  least  nhoi*e  the  middle  of  the  leaf,  often 
obscure. 

Lid  imi»erfectly  formed,  persistent        ....       Astouiuiu,  51.  29. 
Lid  i>erfect,  deciduous. 
Capsule  immersed. 

Leaves  lamellose Pliaromitriiim.  10(). 

Leaves  not  himellase,  ciliat^  ....      lledwiaria,  153. 

Leaves  with  a  hyaline  huir-point       .        .        .  Griiiiinia,  134.  43. 

Capsule  exserted,  ribl>ed  when  dry. 
Calyptra  cucullate. 
Pedicel  very  short,  strongly  twisted  tt)  the  left  when 
dry  ....  .        .        Amplioridiiiiii,  158.  4({. 

Pedicel  long,  twisted  to  the  right  when  dry        .      Urauuia.  153. 
Calyptra     campanulate  mitrate.     plicate,     usually 

hairy *  M  ac  rout  i  trill  in,  178.  50. 

Calyptra    long   clavate-campanulate,   not   plicate  nor 

hairy  Encalypta,  180.  .>0. 

Capsule  exs<»rte'l,  not  ril.>bt^d  wIilmi  dry. 
Lid  conic.  l)eakcd. 

Pedicel  short ('alyini^oros,  184.  50. 

Pedicel  long (ilymiiostoiiuini,  52.  20. 

Lid  conic,  beakless,  or  conic-subulati*  .        .     Pottia,  100.  37. 
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Lid  convex  or  flattish.  beaked. 
Plants  large  (2  cm.  +),  leaves  distichous        .        .       Enstichla,    94. 
Plants  large,  leaves  pluriseriate,  papillose. 
Leaves  linear-lanceolate,  margins  plane         .       Aiiopctantriiiiii,  54. 
Leaves  ovaie-lanceolate,  margins  reflexed,  hyaline 

nt  babe Barbula,  115.  89» 

Leaves    lingulate-lanceolate,    margins    revolute, 
three-fourth.s  liyuliuo        ....  Dosinatodon,  110.  38. 

Plants  small,   leaves  hroader,  hair-pointed  or  cus- 
pidate or  serrate,  not  jKipillose          ....        Pottia,  100.  37. 
Plants  small  or  minute,  leaves  lance-subulate  .         Auodus,  96. 

Lid  long-clavate  Eiicalypta,  180.  50. 

*  *  Leaf-cells  plainly  elomjnted,  distinct. 

Lid  small,  convex  or  short-conio,  cai>8ule  microstome. 

Leaves  vertically  inserted        ....  Schist ost«^a,  188. 
Leaves  sulmlate,  dentate          ....  Bart  ram  ia,  203.  53. 
Leaves     broad,    entire,    calyptra    enclosing    cap- 
sule      Pyraiiildiila,  196. 

Lid  large  (rarely  small),  capsule  macrostome. 
Capsule  splitting  at  the  middle       .        .        .      Aphanorhegnia.  196. 
Capsule  dehiscing  regularly  above  the  middle,  not 
covered  by  calyptra        ....  Physeoiiiitrium,  196.  55. 


2.    Month  of  the  capsule  furnished  with  a  lyeristouie. 

*    PeHstome  simjle. 
"*-  Tcith  articulate. 
•^+  Trefh  eiijht. 
Leaves  thick.  coriace«>us  ....  <k*toblepharuni.  01, 

rOrtlicitrirliiiiii  .'in.l  Ktyrltoiiiitriiiiii  (§  \otitn'fii<i)  may  b«^  ■^-m.^ht  Iuti'.' 


~^  7\'eth  sij'teen,  calyptra  miirate. 

=  Odyptra  jflicate. 

Teeth  cribrose.  pun ilo C'oscinodon,  151.  4(>. 

Teeth  filiform,  tritid Ptyclioiiiitriiim,  156.  4(J. 

Teeth  approximate  or  connate  in  pairs. 

Lanceolate  to  sulnilate,  papillose      .        .        .    Ptychomitriuin,  156.  4(5. 

Triaugular-laiiceulatt*,  articles  ({uadrate. 

Basal  leaf-cr'll-i  linear,  chloro}»hylIose        .        .        .         I'lota,  160.  4(>. 

Basiil  leaf-rt'll.-,  hexagono-rectangular,  hyaline    Orthotrieliiim,  164.  47. 

Teeth  short,  i)ale.  fra;file  ....         Macroiiiitriuiu.  178.  50. 
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^  ^  Culi/i)tra  not  plieatf. 
Aquatic,  UoAtin^. 
Leaves  distichous       .... 
Leaved  pluriseriat«         .... 
Terrestrinl. 

Very  Buiall.  gre^fariouti. 
Teeth  broad,  eroste-truiicatp,  hyaliiip 
Teeth  linear-lani»iolate,  doe|ilj  bilid 
Larimer,  aluve  1  cm.  in  hi-i};ht. 
Leaf-celU  ninall,  ([uadrate  or  gmnctate,  oliscurc. 

Bpak  loiifj'-cUvati' 

Beak  lone  ■>!'  Hliorl,  not  clavate. 
Tc'ctli  lancwilnt*f,  Hat,  Kulwiiitire   or  crib- 

nise  or  2— 3-li(l  to  the  middle 
Teeth  lincar-luticeokte,  2 — 3-tid    to    liolow 
the  middle,  or  oleft  to  the  baite  into 


Conoinilriiiiu.  ti9.  i 
Cinelltlolu.'^,  131. 


DrBchfoi]us,liK. 
C«ui)ijloslelium,  IK). 


fincnlfiittt.  IHO.  50. 


Orininiia,  lU.  43. 


tilifiirm  ttegments 
Leaf-celLt    lart^>,  ven' 

prominent  a|H]iihytiis. 
AjMiiih^-HiM  lunallf'r  Diaii  the  cit{Miile. 
Lraveri  entire,  olitiim' 
Leaven  serrate,  acute  or  aciiniinate 
Aixii'liVHis  e."£c<.i'clin;{  the  eniidul<' 

■'"*'  '"^  ■*""*"  Tei^tli  siflwii.  ealtfiitru  t-iieiil 

Leaves  subulate 

Leavfri  bniiiilLT,  «-ith  a  [>i\nninenl  vertical  ' 

=^  =  /.fiilijt  iitiiriiieriatr. 

■    CiipKidi'  uimgiiim'tric.  ivrniioiiaiucli 

Teetli  lilitorm-biliil  figm  n  ui 

Terth  irreyuliirly  bicerate  or 

Lear  .-ells  not  .-nliin;''!!  ;i 

or  ijiindrati.'  uIhivc. 

Liil   liiU};-! leaked,    leiivei 

inKhiiir  tlK>  ellji^iile 
Liil     l»n{;-l>eiiked.    l<-ave 

I>prist  Tie  shorter 
Lid  short-1  leaked 


KbaeoiiiilriiiMi,  147.  45. 


pedicel    with 


Dissutloii.  Ii4».  ; 

Taylorln.  I'JO.  ; 

S pinch II am.  IW).  '. 


Distich  iua 
t'isshleu 


Uil.  3(t. 
ei.  34. 


'luliriinniH  li,^se 
>ilid  lo  the  middle  I 
the  Imxal  atiKli'^ 

serriih 


lle-tiiiatuiliiii.  1 10.  :ts. 


ndMi 


'tome  (i|ii:i1- 

llichodoiitliim,  <'• 
'niiliite    or  di'niieulate. 

ryiiDdiiiiliiim.  Ti. 
(treiiwelsln.  ."v 
Leaf-cells    not   enhir^.'ed    at   tlni   Uisal   aiis'''".    "blon^ 

niMve,  reet angular  at  l>ase  .  Ilicruaella,  <• 

a-A.  &  L. 
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Leaf -eel  Is  enlargecl-qiiadrate  at  the  basal  angles,  linear 


at  ba»c        

Leaf -cells  of  two  kinds,  in  two  or  three  layers 
Teeth  bifid  to  near  the  liase. 

Lid  conic,  leaves  subuhite 

Lid  conic,  leaves  lanceolate 

Lid  aristate,  ne<'k  very  lonjr        .... 
Teeth  not  cleft,  Hhort,  irregular 
Teeth  not  cleft,  cohering  by  their  tips    . 
Teeth  not  cleft,  perforate. 

Xeck  long,  exceeding  the  cai>sule 

Neck  inconsi)icuous,  plants  small 

Neck  inconspicuous,  plants  large 
Teeth  not  cleft  nor  perforate. 

Lid  with  a  short  thick  oblitiue  beak 

Lid  with  a  short  slender  obliciue  l>eak 

[!IIifli4*lihoreri»  ami  Fiiiiaria  may  1>p  soii;;lit  liore.J 


Dicraniim,  67.  81. 
Leiicobryiini,  90.  36. 

Trichodoii.  93.  30. 

C'eratodoii,  03.  36. 
Treuiatodoii,  C3.  30. 
Cat oscopi  mil,  311. 
('ouostouiiiiii.  307. 

Treiiiatodoii.  63.  30. 
DNcolimii,  188. 
Oreoweishi.  oS. 

(^reowelshi.  5S. 
Cy  nod  out  ill  111.  09.  30. 


■.'  Capsule  st/mmctric,  jtetidulous  on  a  fle.ruous  pedicd. 


Teeth  bifid  to  the  middle        .... 
Teeth  bitid  to  the  base,  free        ... 
Teeth  bifid  to  the  common  membranous  Iwiso. 

Connivent  and  slightly  twisted 

Erect,  not  twisted 

Teeth  entin*,  short,  plants  minute 


Cam]»y1opiLS,  77. 
Dicranodoutiiiiii,  77. 


33. 


Desmatodoii,  110.  3^^. 

Triehontoiiiiiiu,  108.  3$. 

Seliareria.  96.  36. 


•  •.  •    Capmile.  ttif  in  metric,  erect. 


llesmalodon.  110.  3S. 
Triehostomuiii,  ICH.  :\>s. 


Teeth  bifid  to  the  connnon  membranous  base. 
Li<l  short,  conic  or  beaked 
Lid  elongated,  conic 

,ltitrbiiht  may  hi*  sought  ht-n*.  | 

Teeth  dci'ply  bilid  or  cleft  to  the  base.  free. 
Leaf-cells  s:niall.   not    enlarged  at  the  angles,   oblong 

above Dlcraiiella,  04.  30, 

Leaf-c«'lls  small,  njit   enlarged  at  the  angles,  roundish 

or  ijuadrale  above Cynodoiitiuiii.  ■V.).  30. 

Leaf-cells  small,  enlarged-quadrate  at  the  angles    .       IMcraiimii.  07.  31. 
Leaf -cells  large,  distinct  ....  AiigslruMiiia.  03. 

Teeth  cribrose.  perforate  en*  slightly  cleft. 
Leaf -cells  enlarged-quadrate  at  the  angles. 

Capsule  bn»ad-i>yriform Bl India,  9S. 

C'aj^sule  oval  to  sub-cylindri».'  .        .        .     IHcranowelsia.  •j7.  2iK 
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Leuf-cells  not  snlargwl  at  the  angles. 
Teeth  large,  mostly  cril)n>w. 
PwliuL'l    littlf   cxcvMlinf;    tljc   uften    hair- 

PcdicL'l  long.  It-fLVoa  linir-jiuintcd 
Pwliccl  hmg,  Icavtw  not  hdir-poiiitwl. 
Ijfiivc-SNtTrato  jnNt  :ibuvi-  slifatliitig  Ikim.- 
Lfiivrs  entiro  nr  (.'rcniilatt.'  abuvi.- 
Tiftli  Kinail,  oftfii  truncati'  rir  rudimentary. 
Lraf  niEiPKinsi  inviiluti;  aluive   . 
lA-aC-niarKins  roviilnli?  or  [ilain-. 
LiflviM  ilonst'Iy  iiajiilliisc  in  tin.*  nit|M!r  jwrt 

Li-nvos  not  jiaiiilliBie 

Teeth  pntirp. 
Cajisule  with  a  Vmg.  thick  ai>o[iln-aiH 
CajMule  oval  to  sulicyliii'lrii-. 
Not  ribbi'il  when  dry. 
Teeth  Hhorl,  leares  I'ntire,  narruw 
Tettth  xhort.  lL>avo.s  si.'rrato,  broail 
Tet^th  liiiwir-filiform.  t-nmiate  at  Iwuw 
Teeth  narrowly  liinci'oliitc,  free 

Rih)je.l  when  .ky 

Capsule  Hhurt-pyriromi,  tnrbinale  when  dry. 

Teeth  hlunt    .  

Teeth  acute      .  

Caieulf  |iyrifonn.  not  turbinate  when  dry. 
PlantH  Kregnri'mH  or  Hubccsiilloxe 
Plants  in  deeji,  roniiuu^t  tufta     . 
Capsule  UTate-glifbuHe.  lid  obUi|U(rly  long-U-akiil 
Capsule  glolHJse,  lid  lieakki«.  small     , 


]  minted 

GHnniila.  I'^l. 
ili':^inatiid<tii,  110.  ; 

Enchtdiimi.  ' 
Dlilyuiudoii,  ICM.  : 


llidymoilitii.  liM.  : 
Piiltiii.  11)0.  : 


Weisiu.  .15.  ; 

S)'rrli»)tud»ii.  i^.i.  ', 

DIdymndwn.  104.  ; 

Hirrunoni-iihi,  ■'i*.  ! 

KliuhilotreUlH,  r>8.  : 

.     Seliurcrla.  !W.  ; 
Blindia.fl:<. 

.     EnloxtiitHlnn.  19».  . 
Mieltoliliofcriii.  -iXi. 
DrniumwiHllM,  1C<). 
Bartramiii.  203.  I 


*-♦**♦*»*  TeeUi  thMa-ticu: 

Teeth  cancellato Itiirhiihi.  11."'.  :{!). 

Teeth  fdifonn  or  linear,  almost  terete,  arising  tmvi  »  long 
or  tiiiort  Insiliir  membriLne. 
Short,  slightly,  if  at  ail.  twistiil. 
Leaves  Gubulate  or  laiiee-tnibulate  from  it  broader 

baiie Li>|tln1rirhnin.  lO-L  37. 

Iienves  brooder,  lid  elongiited-eimic  Trichoslniumii.  108.  ;|<4. 

|llBrl>ulHrf!;f</uf<iH'ill1>-s.nik-lit  iLT-.j 

Iieaves  broader,  lid  short-conic  or  short- lieabi'd    Itei^niatiHlnn,  110.  3S. 
Long,  twisted  to  (be  left Itarhnht.  I L").  ^*i. 


W-a. 


m.l  (' 


•20  WiscoHsiu  Academy  of  Sciences,  Arts  and  Letters. 

Teeth  flat,  not  from  a  distinct  l>a5ilar  membrane. 
Cells  of  capsule  linear-oblong         .        .        .      Ilicraiiodontliiiii,  77. 
Cells  of  cajxsule  irregularly  polygonal  .       Didymodoii.  104.  :J7. 

-* — *-  Teeth  not  articulate, 

"^■*-  Tveth  four,  solitl. 

Capsule  linear-oblong,  stems  long,  conspicuous    .        .    Tetrapliis.  ISri.  51. 
Capsule  ovate,  stems  very  short    ....     Tetrodoiitiiiiii.  187. 


-«—»■■♦-*■ 


Teeth  thirty-two  or  sixtij-four. 


Calyptra  cucullate,  capsule  symmetric  or  nearly  so. 
Leaves  undulate-crisiH^l  when  dry,  lamella'  few  ('J — 8). 

straight .\t  rich iiiii.  355.  ((0. 

Leaves    bub-tul)ul<»se  at    apex,     lamella*    undulate    or 

numerous Oligotrh'hiiiii,  2r)S.  <>1. 

Calyptra    cucullate,    cap.sule    unsymmetric,   arcuate    i:i- 

(!urvc(l INilopiliim.  25U. 

Calyptra  mitrale.  lieiisoly  hairy. 
Capsule  not  angular,  tcoth  82         ....      ]N>i;oriatuiii.  200.  (51. 
Cap.sulo  1—n  aiigk-d,  trcth  fit        ....     Pol>lrichiiiii.  20:.?.  «l. 


•/:  *  J\'ristaim'  dniible. 


-h-    CdpHKh  sifiniiufric.  cn'ci. 

Teeth  ;ilin'i.->t  n<mc.  imperfect  or  rudimentary     .     Macroiiiitriinii.  ITS.  ."iO. 
Teeth  jierft'et.  linear,  revniute,  capsule  sm«H)tIi      .     SchIoth<>liiiia.  ITIK 
Teeth  linear  <»r  tilif(»rm,  dark  re«l  or  purple,  capsule  rihheil 

and  twisteil Kiicalypta.  ISO.  50. 

Teeth  linunllyc»r  narrowly  trinnguiar-laiieeolale.  pale.  ca}»- 

!*ule  riliheil,  n«>l  twi-ited. 
Leaf-eell?.  lit  base  li?n-ar.  chl(.»roph>lliiM^  .  .        rbifa.  Ifio.   Uk 

I^'af  e«.'llsal  b.'isehexagono- rectangular,  hyaliiu'     Orthiilrichiini.  Itil.  17. 
Teeth  linear,  ctnitractt'd  at  articulations,  capsule  sin(»oth. 

cylindric l.cplollieea.  2.-)l. 


-*■    -H    ('///».s''//(.  nnsi/mnn'frir.  incliif  ti  or  fth/itinc  itr  jh  inhilu'ts. 


*  Jiiiii  r  jirrisfnun  a  jilaifitJ  cut* . 


J'lMlierl  thiek.  r»Ml.  jIi'Iim-Iv  verrueosi* 
V«''lii'tl  vi-rv  "-JHTt.  almost  uvuie 


HirJiaiiuiia.  '.'07. 
IHpiiysciuiii.  20C. 
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Inner  jteristonn*  a  memhrttne,  cariiiate  or  cut  into  sixteen  seg* 
ments;  these  somethnes  separated  by  cilia. 

=  (Hlia  very  shorty  rudimentary  or  none. 

Membrane  entire,  16-carinate iJiielidiiiin,  240.  60. 

Membrane  latticed  or  cleft  to  the  base  into  filiform,  apf>en- 
diculate  spfj^meuts. 
Pedicel  none  or  very  short,  leaves  eccwtate  .        FoiitiiiaU«i,  268.  02, 

Pedicel  distinct,  sometimes  lon^;.  leaves  costate       .    Ilfehel.viiia,  272.  iUi, 
Membrane  not  cleft  to  the  base. 
Segments  entire  or  interruptedly  cleft  alon;^  the  middle  line. 
Shorter  than  the  teeth  or  rudimentary        .        .        Fiiiiaria,  200.  't^^ 
Equaling  the  teeth  in  length. 
Leaves  s(|uarrf»se-recurvt*d  from  the  middle    .         PaliHlella.  21.'J. 
I-ieaves  not  s([uarrose. 
Pedicel  long. 
Leaf-cells  narrowly  rliombic-hexagonal,  tending 

to  linear,  loaves  narmw       ....      Webcra,  215.  'ill. 
Leaf-cells  and  leaf  broader  ....        Bryiiiii.  223.  5o. 

Pedicel  short,  neck  long /terla,  210.  ."is. 

Far  exceeding  the  teeth  in  length. 
Pedicel  long,  leaf -cells  large,  i)ellucid        .  Auiblyodon,  211. 

Pedicel  long,  leaf -cells  small,  rectangular,  chloro- 

phyllose Mccsia,  212.  fVi. 

Pedicel  short,  neck  long Zieria,  240.  58. 

Segments  bifid,  divisions  divaricate. 
Leaves  lanceolate  to  subulate,  liirge  .        .        .        Dart  ram  la,  203.  58. 
Leaves  lanceolate  or  broader,  smaller  .        .      Philoiiotis,  208.  53. 

Segments  filiform,  united  by  fours  at  tlipir  ti]>s        .        Tiiiiiiiia,  254.  00. 

=  =  Cilia  j^resent. 

Ap]:>endiculate. 
Leaves  lance-subulate,  cells  linear     .        .        .        Leptobryniii,  215. 
Leaves  broailer,  cells  rhombic-hexagonal       .        .        .     Dry  mil.  223.  55» 
Ina]>i>endiculate. 
Ca])sule  not  ribl)ed  when  dry. 
Lc'aves  lanceolate,    glossy,   cells  narrowly    rhombic- 
hexagonal,  inclininsf  to  linear      ....       Webera,  215.  53. 
Leaves     ample,    soft,    oblong,    ovate  to  obovate  or 

broader,  cells  ronnd-hi»xag<mal      ....       Mnliim,  241.  58. 
Leaves  narrowly  lanceolate,  rigid        .        .         lUiizogoiiiiini,  250. 
Capsule  ribi>ed  when  dry. 
Oblong  ar  el<jngated  pyriform      .        .        .        .^iilacomnluni.  252.  60. 
Sul)-globose Philoiiotis.  208.  53 
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B.    Pleurocarpi.    Flovoers  and  fruit  lateral,  in  the  ajcih  of  leaves, 
[FoiitlimlU  uml  Dicliclymii  may  lie  soiii^ht  htTc] 

1.    Peristome  single  (rarely  none),  teeth  eight  or  siurteen. 

:Sp«H:i»*s  tielontpu^  to  geiuTa  uii'lor  •■  It  *  **  infra  may  lie  sought  hen;.] 

Leaves  tli.-.iicli«ms.  witli  broad  vertical  vviii«^  .        Fissiilcns.  81.  3-1. 

Leaves  phiriseriate. 
Entire. 
Ecostate,   abruptly  lung-acuniinat*».   (.vlls  (luadratc 

ex(*4>pt  in  costal  rvgion,  distinct  .  .        llubrodoii,  *3UU. 

Ecostate,  cells  linear  ur  rhombic.  «>bsc."ur<'  .  Loiieodoii,  1287.  tt5. 

Costate,  short  acuminate        .  .  .  (iusniutodoii,  2'.)7. 

Co-jtate.  obtuse,  tei'th  8,  red       ....  Cryphu^a,  'JTo.  03. 

Serrate,  capsule  emerj^ent Li'ptodoii,  '^7S.  I>4. 

Serrati*  t(»ciliatf-<lL*ntat<s  capsule  lou;;-pedi<'elled  Fabroiiia.  '^IM.  <»5. 

2.    PeriHttunr  (kmbk\  the.  inner  often  iniperfeei. 
*    Segments  none  or  shorty  nr  (tbseuretl  />//  mlhcring  to  teeth, 

-*-  Lmrcit  pdpiUost'. 

Entire,  ovat»*  to  ovate-lanceolate. 

Teeth  ciliate-papillose  Leskea,  IJ<M.  00. 

Teeth  not  papillose  \iioiiiodon.  'M)A.  00. 

Entin»  <ir  cristate  si-rrale,  obovate  or  >palulal«'     IMeriirynandriiiii.  2><s. 
Spinulosr-diMitat*'   tu   fimbriate  (rarely  ^ntinM  di-Urail   or 

ronnd-ovati- Tlielia,  2J»s.  00. 

Serrate,  broadly  ovate IMeroiroiihiiii,  i*<l».  05. 

-•-  -^  Leart's  not  pajtillosi'. 

Capsuh*  strai;^bt. 

Segmc'nt.'s  bilid  or  ailherent  to  the  t»'rth. 
Plants  small  (1-2  cm.),  cai^ules  about  'J  mm.  rylaisu'ii.  :i(K  07. 

Plants  large  (1-0  cm.),  capsules  about  4  mm.    ('yliiidrolheciuiii.  lUO.  07. 
Segnii.'nts  not  bilid  nt>r  adherent. 

L«'aves  t'costate  or  obscurelv  bicostat**  .         .      Neekerai,  2^1.  01. 

L«*av»«s  eostat*' Antif ricliia.  -1M3.  0.>. 

Cdpsuh*  curved  or  arcuate      ....  H<»iiial(»tlMTiiiiii.  oOl).  07. 

*     *     Segments  not  distinrtli/  keeled,  narron\ 

-t-    Leans  eostatr. 

Cells  rountlish  to  oval-rhond»ic. 
Pa[»iIlosc  [except  in  Leskea  jndrindto]. 

Stem  and  branchdeaves  bimilar  .        .        .        Leskea,  •J'M.  00. 

Stem-h'aves  much  bmaller  than  branchd»?avi"s       Aiiomndon,  IJOI.  00. 
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Not  papillose. 

Annul  us  large,com|)ouud Cryphnta,  275.  68. 

Annulus  none,  leaf-cells  minute,  obscure        .  Neckera,  281.  G4, 

Annulus  none,  leaf-cells  large,  distinct         Auacaiiiplodoii,  296. 
Cells  linear  or  vermicular. 

Annulus  none Neckera.  281.  64. 

AnnuliLs  present Antitrichia,  290.  65. 

[CyliiKlniUiociuiii,  with  leftv»»s  olMciin^ly  costato,  may  be  soufrlit  here.] 

-•-  -*-  Leaves  tccmtate. 

Annulus  none Neekern,  281.  64. 

Annulus  present. 

Leaf -cells  ( I  uadrate  at  biusal  angles        .        .    Gyliiidrotheciiini,  310.  67. 

Leaf -cells  not  quadrate  at  basal  angles     .        .      Ortliotlieciuiii.  JJIO.  68. 

*  ♦  ♦  Segments  tUstiiictly  keeled,  often  broad, 
-»-•  Capsule  8i/nimetric,  erect, 

[Sixviifs  of  Ilyiiniiiii  uilli  eroct  «ir  suh-fnvt  caiwiiles  will  l»e  siMij^ht  hfri'.) 

Leaves  papillose. 
Plants  large,  branches  erect,  dendroid      ....     Alsia,  279.  64. 
Plants  long,  i)endent  from  trees,  branches  filiform       Meteor!  inii,  280.  65. 
Plants  small,  branches  erect,  Jul aceous        .        .  3Iyiirella,  300.  66. 
Leaves  not  juipillose. 
Leaves    costate  or  ecostate.    complanate,    pseudo-dis- 
tichous             Hoiiialia,  285.  65. 

Leaves  ecostate,  annulus  large  (none  in  Cyl,  Drunimondii). 
Cells  quadrate  at  basal  angles. 

Teeth  hyaline  margined     ....     Platygyriiiiii,  307. 
Teeth  not  hyaline  margined    .        .         Cyliiidrotheeiiiiii,  310.  67. 
Cells  not  quadrate  at  l)asal  angles  .  Orthothcciiini,  315.  68. 

Leaves  ecostate,  annulus  small,  narrow   .        .        .       Pylaisiea,  308.  67. 

■ 

Leaves  costate,  plants  dendroid    ....        Cliiiiaciuiu,  313.  68. 
-•-  -•-  Capsnle  unsynunetric,  often  arcuate. 

Leaf-cells  large,  calyptra  mitrate. 

Leaves  mucronate  or  acute  or  acuminate  .  If  ookeria,  292.  65. 

Leaves  obtuse Pterigopliylliiiii,  293. 

Leaf -cells  small,  calyptra  cucullate       ....      Hypuiiiii.  316.  68. 

[Clliua«'.Iiiiii  Rnthenn'nni  will  he  sought  here.J 
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ANALYTIC  KEYS 


TO  THE 


SPECIES    OK    MOSSES, 


SPHAGNUM,'   p.    12. 

I.    Branches  dimor2)houA,  some  divergent,  somepentb'nt:  hyaline  cells  with 

ribrih, 

A.     Chlorophyllose  celh  near  one  face  of  leaf,   triangular,   triangidcur- 

elliptical  or  trajh  zoidal  in  transvertte  xeetion. 

1.    Chloro2)hylbise  celh  •»«   the  ventral  face  of  leaf:  hyaline  cells  most 

convene  on  the  dorsal  face. 

a.    Branch  leaven  minntely  fringed  all  around  S.  I*<»rtoriceii90,  22, 

li.     Branch  leaves  not  fringed. 

"Walls  uf  hyaline  fi'lls  a«lji»iiiin.Lr  clil'iroiihylb^so  ci-lls  fur- 

iiish»Ml  wiilia  friu^f  i>f  ru'.liiiioiitury  tibriW    .        .         S.  AiKtiiil,  21. 
"VValLs  of  hvalino«'«*INa«ljoiiiiii;rchlur«»|»liyll«)5Jtf  ri'lls  thii'kly 

papillose S.  papillosum.  20. 

"Walls  suuxiili. 

Cortical  oeli>  of  sleni  librilU»se. 
dilori»phylli»se  rolls  narrowly  trian;;ular  or  triun^'ular 

elliptical S.  cynibiffiliiiiii.  19. 

i.'hlor">i»liyll«»-ie  ivll>  very  lar:;i'.  eiiuilaleral-iriani^ul.ir      .        S.  antiiC'. 
Cortical  cells  porose,  not  tilirillose. 
Stem  leaves  I irt»a«ii"it  at  ba-ie S.  aciitif(»liiiiii,  1. 

Stem  leaver  briKulfst  in  the  mi-Mlf       ....  S.  iiiolh',  13. 

Stem  leavi*!5  hroa«le>i  at  apex >.  Uiiibriatiiiii.  4. 

Stem  loaves  <»!'  alm=»-il  etpial  lu'i-ailth  throuirhout     S.  (tir:reiiH<ihiiii.^  3. 


»  S»*»'  dril.-T:  \l  '\  !-j.»n  .lf<  Sphai^'iio-*  «i»*  I'Aiu.'n-i'it^  «lu  N-'i-i.  in  Iju'.i.  >••«•.  r«>y.  "l*^  b.»t.  do 
Belfc'iMU»-.  XXVI. 

'  R-na'jlii  .V  «■  ir  !"•:  Il-v.  IJry.il.  ish;,.  |,.  n.  s--'*  al>  •  Ciri-r:  Si«:.ai.:n">  'iK-ir-^iiO  in 
Bull.  .So'.\  r.»y.  •.!.•  b-'t.  i'-  H.-I^i-i'i''.  XXV.  p.  :.l.  |il.  .\  !i*:.  0  ao'l  1"  a:.  I  j.'.    \.  tl-'.  •'». 

»S.  s:riotuni  Lin  !••. 
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2.    Cfdorophyllose  cells  on  dorsal  face  of  leaf;  hyaline  cells  most  convex 

on  ventral  face. 


a.    Cortex  of  stem  distinct. 

Stem  leaves  very  broad  above  and  strongly  fimbriate 
Stem  leaves  broadest  below. 

Branch  leaves  with  narrow  border 

Branch  leaves  with  broad  border     .... 

Branch  leaves  not  lK>rdered 


S.  Liiidbergli,  7. 

S.  teuellum,  18. 

S.  eu8|iidatiim,  5. 

S.  Garberi,  14. 


b.     Cortex  of  two  layers  of  small  cellSy  indistinct^ 

or  wanting S.  intermediam,  6. 

B.     Chlorophyllose  cells  exposM  on  both  faces  or  included,  elliptic  in 

tranaverRC  section, 

1.     Free  on  Imth  faces. 


S.  siibseciiiidum,  15. 
.    S.  (\vcio|ihylliim,  23. 


Cortex  consisting?  of  one  layer  of  colls. 
Branch  leaves  ovate-acuminate    . 
Branch  leaves  round  ovate       .... 
Cortex  of  more  than  one  layer  of  cells. 
Stem  leaves  large,  roundeil  and  fimbriate  at  apex,  with 
narrow  lx>rder  Iwlow. 
Branch  l**aves  lar^e,  strongly  squarrose  .        S.  sqnarrosiim,  8. 

Branch  leaves  smaller,  slightly  s<iuarroso  at  tiiis      .        .       S.  tores,  9. 
Stem  leaves  small,  with  bnxid  border  Mow    .        .         S.  larieiiiiiiii,  16. 

|.S.  'WiilflHiiiiiii  niny  lie  sonj^ht  htre.  | 


2.     Included, 

Branches  in  fascicles  of  7 — 12 S.  >Vii1flaniim,  10. 

Branches  in  fascicles  of  3  —  ."5. 

Cortex  of  2  or  JJ  layers,  with  few  small  pores  or  none    .     S.  rigidiiiii,  11. 

Cortex  of  4  or  .")  layers,  ]Mires  numerous        .        .      S.  iiiediiiui,  Limpr.*. 


n.    Branches  uniform,  solitary  or  in  inu'rs:  hyaline  cells  fibrillose:  cortical 

cells  usually  in  one  layer,  witliout  poiTS, 

Stem  and  branch  leaves  alike,  bromlly  obtuse,  entire  or 

erose  at  apex S.  Pyliesii,  26. 

Stem  leaves  oblong  or  olK)vate,   branch  leaves  narrow, 

linear  oblong S.  Fitzgerald!,  20. 

>Gardot;  1.  c,  p.  .\ 
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in.    Brancliea  uniform^  all  arcuate-divergent;  hyaline  cells  without  fibrils^ 
those  of  tJie  branch  leaves  with  one  or  ttoo  central  rows  of  pores. 

Hyaline  cells  of  branch  leaves  with  5—10  pores  in  one  row, 

S.  niacrophyllam,  37. 

Hyaline  cells  of  branch  leaves  with  40-60  pores  in  two 

rows S.  FloridanamJ 

Of  the  species  enumerated  the  following  are  reduced  by  M.  Cardot: 

SS.  medium,  papillosum,  Austin!  and  afline  are  sub-species  of  S.  cymbi- 
folium;  S.  laricinum  of  S.  sulisecundum;  S.  s^iuarrosum  of  S.  teres;  S. 
Girgensohnii  of  S.  acutifolium.  and  S.  cuspidatum  of  S.  intermedium. 

S.  rubellura  Wils.  Ijecomes  a  variety  of  S.  acutifolium;  S.  Mueller! 
Schimp.  is  a  synonym  of  S.  mollc;  S.  Mendrwinum  S.  &  L.  of  S.  cuspi- 
datum; S.  sedoides  Brid.  of  S.  Pvliesii. 

S.  cyclophyllum  is  believed  to  be  an  immature  state  of  S.  subsecundum, 
but  is  retained  in  the  Key. 


ANDREiBA,  p.  25. 

Costa  0. 

Leaves  incurved,  minute,  rotund- obtuse,  deeply  bi-ventri- 

cose A.  parvifolia.* 

Leaves  spreading  or  secun<l,  acuminate,  not  ventricose     A.  pctrophilo,  1. 
Costate. 

Costa  vanishing  IkjIow  ap<?x  .        *        ...        A.  rupestris,  2. 

Costa  excurrent  A.  crnssiiiorvium,  3. 


MIOROMITRIUM,  p.  37. 

S^K^res  63 // diameter,  leaves  serrate      .  .        M.  inegalospormii,  1. 

Sr)ores  25  //  diameter,  nearly  smooth,  leaves  serrate  above      M.  Austiui,  2. 
Si)ores  a  little  smaller,  papillose,  leaves  nearly  entire    .        M.  synoicum,  3. 


EPHBMBRUM,  p.  37. 

Leaves  not  costate K.  serrulinii,  1. 

Le^ives  costate. 
Costa  ending  below  or  at  ajKix E.  cohierens,  6. 

»  Cardot:  1.  c.  p.  *J3. 

8  MOIUt:  Flora  1887.    ',MU. 
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E.  steiiophylliim,  7. 


Costa  excurrent. 
Seta  short,  capsule  acutely  beaked. 
Seta  0,  capsule  bluut  pointed. 
Leaves  gradually  long-acutnioatc,  slightly  and  irreg- 
ularly serrate  at  a,\x^x         .        .        .        .        E.  erassinervium.  2. 
Leaves  with  a  long  hyaline  spinuiose  arista  E.  Hpiiiiilosiim,  3. 

Leaves  jiapillose  both  sides  ....£.  papiUosiiiu,  4. 

Jjeaves  iong-spinulose  on  Ixith  sides         .        .        .        E.  hystrix,  5. 


SPH^RANGIUM,  p.  40. 

Leaves  papillose  on  lK>th  faces      .... 
Leaves  snio<jth  or  papillose  on  hack. 
Margins  rettoxed.  plants  tritpiutrous 
Margins  almost  plane,  plants  round  i>r  tetragonal. 

Lower  leaves  ecostate 

Lower  leaves  costate 


S.  Schiiiiporiuniim.  4. 

S.  triq  net  nun,  3. 

S.  riifescous,  2. 
S.  milt  ic Hill,  1. 


PHASOUM,  p.  41. 

Cai^sule  sub-glohose,  apiculaie. 

Leaf  margins  plane  or  incurved,  denticulate 
Leaf  margins  rellexed,  quite  entire 

Capsule  ovate-  or  oblong- lanceolate 


P.  Cuniioliciiiii,  1. 

P.  eiispidulum,  2. 

I*,  bryoides,  3. 


PLBURIDIUM,  p.  43. 

Inflorescence  paroicous. 
Ck>sta  reaching  the  obscurely  serrate  apex 
Costa  excurrent  into  a  smooth  awl-sha|>ed  iH)int 
Inflorescence  autoicous. 
Upper  leaves  long  subulate. 

Entire  except  at  ai>ex 

Serrulate  from  middle  upward 
Up|)er  leaves  abruptly  short  pointed 


P.  8ubiilatniu,  1. 
P.  Kavenclii,  2. 


P.  alteriiifolinni,  3. 

P.  Bolaiideri,  5. 

.   P.  Siillivatitii,  4. 


BRUOHIA,  p.  46.' 
I.     CoUum  0, 


Seta  very  short 

Seta  exceeding  cai>sule 


B.  paliistris,  1. 
B.  Bey  rich  iana,  5. 


[II.  brcvlcolllH  may  1^  Hous^ht  liefe.j 


» This  key  imist  ho  «iuitc  imperfect,  since  tlie  flj?ures  are  so  few,  descriptions  so  imper- 
fect and  spt.'cimons  so  inaccessiiile  that  it  i.s  impossible  to  nscertam  tlie  characters  in  many 
instances. 
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n.    Collum  present, 
A.    Equalling  8j)orangium. 

Spores  papillose B.  liolaiideri,  4. 

Six>re8  pitted B.  lireTifolla,  12. 

B.    Shorter  than  sporangium. 

1 .    Calyptra  papillose. 

Leaves  denticulate  at  apex B.  Raveuelii,  13. 

Leaves  denticulate  all  around B.  Hampenna.  14. 

2.    Oilyptra  smooth, 

a.    L».'ave!<  papillose       ...         B.  Bouiiellii,  9. 

Ii.    lA^avea  smooth  {suhpapillose  in  B.  Suilivantii.) 

i.    Costa  not  filling  thr  narrowed  j>oint. 

Svnoicous B.  flexiMlsa,  2. 

Monoicous B.  Siillivaiitii.  3. 

if.    CtfHtit  broad  abovi\  fillintj poin t. 

Capsule  iniuH'rs<Ml B.  brovip<»s.  11. 

Capsule  exst:rtiMl. 

Leaves  ai» I »ressod B.  Hallli.  ^. 

Li'aves  sproadin;i^. 
Seta  straijjjht. 
Cullum  ni<m'  than  '  specie  case      ....         B.  Texana,  10. 
(.'ollum  lesstlian  ^.  spore  case    .        .        .        .         B.  hrcvicMdli*;,  (>. 
Seta  K^Miiculate  at  luidtllo B.  ciirviseta,  T. 


AROHIDIUM.  p.  49. 


Autoicous. 
Costa  reachinj;  to  point  of  leaf 
Costa  often  hm^;  oxcurrent 
Paroieous. 
Leaves  serrulate 
Ijeaves  cpiite  entire. 
Cells  oval  t»r  rhombic 
Cells  ({uadrauj^ular  or  quadrate 


.     A.  (Hiioenso,  1. 
.      A.  Hallii.  K 

A.  tenerrimum.  '2, 

A.  Bavenelii,  3. 
A.  lonuri foil  inn,  4. 
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ASTOMUM,  p.  51. 

CapauleH  often  clustered  (2-3),  oblong-oval        .  A.  Liidoviciaiiiiiii,  3. 
Capsules  solitary. 

Orange,  subglobose.  leaves  cris[>at«  when  dry  A.  SiilliTantIi,  3. 

Orange,  oval,  leaves  not  crispate        ...  A.  iiitldiiliiiii,  var.  4. 

Brown,  shining,  ovoid,  leaves  not  crispate     .  .          A.  nit  id  ill  inn,  4. 

Brown,  globose,  leaves  crispate          ....  A.  erispnin,  1. 


GYMNOSTOMXJM,  p.  62. 

Lid   long  remaining  attached  to  columella,  ca])SuIo  thick- 
walleil,  with  ft-8  rows  of  transversely  elongated  cells 

at  the  mouth G.  eiirvlrostre,  B. 

Lid  falling  early.  cai>sule  thin- walled,  with  3-4  rows  of  transversely  olon- 
gatet I  cells  at  mouth. 

Plants  1-2  mm.  high,  lid  conic G.  tcniio,  4. 

Plants  5-10  mm.   high,  lid  subulate,  costa  24 — 35  //  wide 

at  base  with  2  guides  * U,  caleareiiiii,  1. 

Plants  1-7  cm.  high,  costa  70  //  wide  at  iKise,  with  4-6 

^ides  ^ '       .        .      (i.  rupostro.  2. 


•WBISIA,  p.  66. 

Inflorescence  autoicous. 

Teeth  more  or  loss  perfect  or  n<me,  cai>sule  wrinkled 

lengthwise  when  dry W.  viridiila,  1. 

Inflorescence  dioicous. 

TtHith  large,  lacunosc  and  bifid,  capsule  J^-sulcatc        .       W.  loiijriseta,  3. 

Teeth  truncate,  capsule  not  sulcato  ....      W.  >Volll!,  3. 


DIORANOWEISIA,  p.  67. 

liCaf  cells  at  Kise  thick-walled,  linear  (1:6-10)        .        .         I),  erispiila,  1. 
Leaf  cells  at  base  thin- wailed,  rectangular  (1 : 2-3)    .  I),  eirrliata*,  2. 


RHABDOWEISIA,  p.  68. 

Leaves  minutely  denticulate    or    entire;  teeth    filiform, 

smooth,  fugacious li.  fugax,  1. 

l.A»aves  coarsely  dentate;  teeth   linear,  obliipicly  crossed- 

striate K.  denticiilata,  2. 

'  S«.H>  expUinntion  iinder  Dicrauuni.  p-  31. 
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OYNODONTIUM.  p.  60. 

Annulus  very  narrow  and  persistent  or  0. 

Leaf  cells  conical-  to  spinous- mamillose. 

Teeth  not  papillose,  seta  straight       ....  C.  Schi»ti,  1, 

Teeth  papillose,  seta  often  arcuate  when  moist    .      C  jBrracllescens,  2, 

Leaf  cells  not  mamillose,  i)ai>illose  over  i>artitions      .        .    C.  yirens,  4. 

Annulus  distinct,  revoluble C.  polycnrpnm,  3. 


DIOHODONTIUM,  p.  61. 

Costa  vanishing  })elow  apex,  seta  yellow.        .        .        .   D.  pollncidiini,  1. 
Costa  percurrent,  seta  red I).  Cnnadense,  8. 


TRBMATODON,  p.  62. 

Colium  equalling  or  somewhat  exceeding  the  oval-oblong 

sporangium T.  nmbiGrunni,  1. 

CoUum  greatly  exceeding  the  cylindric  sporangium    .      T.  Iongicolll9,  2. 


DICRANELLA,  p.  64. 

L     Cells  of  the  exotlu'r.inm  rectangular-quadrate;  seta  red;  custa  usuall]/ 

broad  aiul  indistinct  bcloio. 

A.    Leaves  not  sheathing,  erect-spreading. 

Costa  percurrent  or  (»xcurrcnt. 
Annulus  0,  jieristonie  papillose. 

Ca])sule  cernuous,  curved I),  varia,  6. 

Capsule  erect,  symmetric 1>.  rufescens,  7. 

Annulus  present,  peristome  nut  pajnllose        .        .        .        I>.  pnrvula.' 
Costa  ceasing  within  the  ajiex,  annulus  largo,  simple        .        U.  debilis,  8. 

B.     Leaves,  from  a  sheathing  ha^e,  sutiarrosr. 

Broad,  obtuse I),  sqiuirrosa,  A, 

Abruptly  subulate. 

Capsule  striate,  substrumose,  leaf  apex  entire        .  D.  Grevilleana,  2. 

Cai)sule  not  striata*  nor  strumose,  leaf  apex  serrulate  .   1).  Schroborl,  3. 


»  Kind»M.Tff :  ItuJl.  Ton:  Hot.  Club  xvi  dWfl)  i»l. 
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n.     Cells  of  the  exothecium  prosenchymatoua;  seta  often  yellow;  costa  nar- 
row and  well  defined  beloio, 

A.    Seta  red. 

Leaves,  from  a  sheathing  base,  squarrosc    .        .        .  .        D.  crispa,  1 . 
Leaves  not  sheathing  nor  squarrose. 

Mostly  erect,  ctipsule  cernuous D.  subnlnta,  9. 

Secund.  capsule  erect I),  cnrvata,  11. 

B.    Seta  yellowish. 

Capsule  symmetric,  erect 1).  FitztreraldiJ 

Capsule  cernuous. 

Strumose D.  cerviculata,  5. 

Not  strumose D.  het«roinalla,  10. 


DIORANUM,  p.  67. 

In  this  genus  the  structure  of  the  costa  is  of  diagnostic  value.  It  is  either 
composed  of  similar  cells  {homogeneons),  or  composed  of  large  i)arenchyma 
cells  and  small  sclerenchyma  cells  (ntereldes).  The  large  parenchyma 
cells  (**  Deuter  "  of  Loreutz  ^:  here  translated  guides)  form  a  row  (seldom 
double)  in  the  middle  of  the  costa,  touching  each  other  tangentially.  They 
are  comparatively  large,  but  little  thickened  and  either  empty  or  starcli- 
bearing.' 

I.    Monoicous,  stems  radiculoae  only  at  base;  costa  long  excuiTentf  homo- 
geneous. 

Capsule  erect,  not  strumose. 
Striate  and  furrowed  when  dry     .  .        D.  hyperboreum  MQIL* 

Neither  striate  nor  furrowed  when  <.lry      .        .        .        D.  fulyelliim,  1. 
Capsule  cernuous,  strumose. 
Leaf  cells  not  papillose,  capsule  oblong-cylindric  .        1).  Starkei,  2. 

Leaf  cells  with  papilla)  over  the  partitions,  capsules  short  ovat^. 

Leaves  falcate-secund 1).  falcatnm,  3. 

Leaves  spreading 1).  BlyttH,  4. 


»  RenauUl  &  Cardot:  Bot  Gaz.,  xiii  0888.)  197.  pi.  XIII. 
"PriiiKSh.  Jahrb.  f.  wiss.  Bot.,  vi.  874. 

*  Cf.  Liinpricht:  Die  Lduhmuosey  p.  23. 

*  Barnes:  MSS.:  var.  papillosum,  Renauld  &  Cardot:  Bot  Oac.  xiv.  (1880).    91. 
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II.  Dioicous,  stcttut  auh-radicnlos*'  abon.%  casta  flat,  equalling  or  broader 

than  the  2—A-stratosc  lamina  whose  supt^rflcial  cdls  are  without 
chlorophyll,  capsule  erects  regular. 

Costa  not  furrowed  at  back,  siuootli    ....        I),  albicans,  11. 
Costa  furro  wet  I  and  toothed  at  Ixick      .        .  IK  loiigifoliiiiu,  10. 

III.  Dioictms,  stems  radirulose  (often  drnf^ely),  eosta  irith  medium  guides. 

A.     OipsuU  cernnousj  wore  or  letts  arcuate. 

1 .     Leaf  cf'lls  pit  ted. 

a.    Costa  not  reaching  tin-  apcc,  leaves  transrcr.sely  undulate. 

Leaf  cells  above  elongated,  smooth. 
Costa  serrate  on  back,  n(»t  laiuellose. 

Capsules  solitary  (rarely  2),  annul  us  0     .        .  I),  paliistrc,  19. 

Capsules  clustered,  annulus  large,  simple  1).  Ilniiiimoiidii,  82. 

Costa  with  serrati*  lamell.e. 

Capsules  clustered,  iH»rich;elial  loavtnsdiirerentiated  I),  inidiilatnm,  23. 

Capsules  solitary  (V),  perichu'tial  leaves  like  others  1),  dipteroueiiroii.^ 
Leaf  cells  above  isotliametric.  irregular. 

SmeK>th  at  back I>.  Sfdirnderi,  20. 

Papillose  at  back II.  spiiriiim,  21. 

Ik     <'n.<f(i jterrurrent  o/*  cetnirrrnt.  Itavcs  nut  undidat*'. 

,  I».  |>:iliistr«*  may  Im*  <i»ujjht  htTc. « 

Guidi's  in  tw<»  rows I>.  iiiajiis.  IS. 

Guides  in  <»ne  row. 

Peri<'h.'etial  lira vrs  abruptly  subiiiali^       .        .        .         I>.  S4'0]»ariiim,  17. 

Pfrich.eiial  h'uvtfs  «:rad!ially  siilmlati'  .         .         .1).  Howellli.- 

2.     fjaf  et.lls  not  }utfed  or  fiintly  !<(k 
a.     (fapffult's  eeruuuiis.  i-nrrol. 

I.     Lcnr/s  i/nih:  entirt:,  snlmlaie. 

Points  very  brittle  and  mostly  brnkon    .         .         .         U.  fra'.rniroliiiiii.  10. 
Points  not  l»roken 1).  eloinratiini.  1*. 

ii.     Li'tnuii  entin\  iipiH-r  obtoHr  ]>.  (froenlaiidieiiiii,  Prid.' 

Lower  cells  rectan;;ular  (l:'io)    ....        I).  3Ii<iiieloiiense.^ 

i  Miill.-r:  /■'/.,/./.  l^sr.     m;. 

-ll'ii.ujll  .v.  Car.li.f :     lim.  (^.>..  \iv  (l^^'Jt  [t\  ].l.  XTI. 

"■.Syii.    n.   ii«nuiii>T\«-.   /'tt.  -  K"tiauM  .v    Car-lot:     11.   Mi/.    Jv*  .  ;S^*^-:    Ji-'t.  (f-iz.  xiv. 

*  li.-naiiM  &  Car.L.t:     Ff.  M,>i.  U' .  lS>'<i;  lint.  (i.iz.  xiv.  •l^Sii-,  'j.i.  pi.  XII. 
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Hi.    Leaves  serrulate. 

Upper  cells  very  irregular. 
Weakly  papillose  over  partitions,  capsule  not  striped, 

D.  coiigestiim,  BridJ  13. 
Not  papillose,  capsule  striped. 
Inner  perichaetial  leaves  obli(iuely  truncate  to  a  short 

Semite  subula D.  Miihleubeckii.  14. 

Inner  perichietial  leaves  narrowed  to  thong-s1ia])ed 

I)oint II.  rhabdocarpuni,  15. 

Inner  perichsatial  leaves  rounded  with  a  short  subula, 

D.  sabnlotornm.* 
Upper  cells  regular,  ({uadratic I>.  fnscoscoiis,' 13. 

b.    Capsule  erects  symmetric, 

Costa  without  stereides D.  strlctiiiii,  5. 

Costa  with  two  sterelde  bands. 
Lamina  alx)ve  of  two  layers. 

Margin  and  costa  serrulate 1).  fulvnm,  9. 

Entire,  apex  usually  broken I),  ylrfdo,  7. 

Lamina  throughout  of  one  layer. 
Upper  cells  rectangular  and  mamillose  D.  uioiiiaiinm,  6. 

Upper  cells  less  regular,  not  mimillo:^e  ...        1).  fla*^ollare,  8. 

D.  Ip-ioneuron  and  D,  stenodictyon  of  Kindberg,  Ottawa  Nat.  ii  (1889)  155 
and  Bull,  Torr,  Bat.  Club  xvi  (1889)  92,  are  species  of  uncertain  relations. 
I  have  not  seen  authentic  specimens,  and  the  descriptions  are  too  meager 
to  enable  me  to  form  any  iudgment. 


OAMPYLOPUS,  p.  77.^ 

I.     Costti  smooth  at  hack. 
A.     Auricles  none, 

[C.  grracllininliH  may  belong  here.] 

Upper  leaves  with  hyaline  points C.  Henrlcl.  * 

Upper  leaves  without  hyaline  points C.  Leanns,  4. 

— 
>  D.  fuactDcens  of  Manual. 

s  Renauld  &  Cardot:    Bot.  Gaz.  xiv  C1889)  01,  pi.  XII. 
s  This  is  var.  longirostre  and  var.  angusti/oUuin  of  Manual. 

*  The  genus  is  greatly  in  need  of  revision,  with  a  view  to  discovering  differential  struc- 
tural characters  of  the  leaves.  The  few  flgurra  and  meager  descriptions  render  the  key  un 
certain  in  many  points. 

•  Ranauld  &  Cardot:    Bot.  Giiz.  xiii  (1888)  107,  pi.  XIY. 

3— A.  &  L. 
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B.     AuridcH  liresent. 


i\  llalin,  5. 


No  lamina  except  small  colored  auricles 
Lamina  distinct. 
Periclia>tial  loaves  concolorous. 
Auricles  ])rown. 

Deej>Iy  concave 

Plane,  decurrent 

Auricles  wliitish.  lar;j;e. 

Leaver  serruliite  at  apex       .... 
Leaves  spirmlose  serrate  at  ai^ex 

Auricles  dirty  red 

Pericha-tial  leaves  with  liyaline  points  (may  include  8 

and  11  above) ('.  ur  rat*  ill  caul  is,  10. 


C.  floxuosiis,  1. 
(;.  Tallnleiisis.  2. 

('.  sul)l(Mieot;astor,  7. 

.     C.  Uounellii,  8. 

.   C.  auifustirotis,  11. 


IL    Costa  scabrous  or  lamdlose  at  lunik. 


Leaves  witli  pellucid  liair  points  . 

Leaves  not  hair  pointed. 
Alar  cells  round,  lamina  0 
No  auricles 


('.  inlroflexiis,  :i. 

C.  friiridiis.  6. 
('.  Viiiriiiicus,  9. 


PISSIDENS,  p.  81  Unci.  ( Uviomitrinm,  p.  Sll.-) 

I      (KUFISSIDKNS. )     ria)it.'<  tern^sfrial  nr  submersed  Imt  not    floating: 

•         leaves  soft,  of  one  Itii/er  of  Oills. 

A.     Fruit  terminal. 

I.     ^fonoico^s,  male  fhncers  a^villary, 

Loafcolls  siiiiill.  cl,Mi.s«?ly  oliIor()i)hyll')se,  in  dir^tirict  mws       P.  li  in  hat  lis.  5. 
I>?af-colls   lar.i^cr.  not  densi»Iy  <.!lil(>roj>li3llos<',  nor  in  dis- 
tinct rows F.  brvoidos.  2. 

2.     DioiroHx  or    inonolenus  u^ith  the  male  flou'ers  terminal  on  a  rooting 

branch  at  the  base  of  the,  female  stem. 


ii.     Leaf -cells  P.-2  times  as  long  r/x  n'itte,  largi\  distinct. 


Plants  loss  than  1  mm.  Iii^b.  leaves  two  ov  tlin-t^  j)air> 
IMants  '3-4  mm.  lii;;li.  wholly  hyaline,  leaves  3-;")  j)airs 


F.  <'losteri.  1. 
F.  hvalinus,  0. 


'  S>»«'  BariU's:     Hnf.  tin:,  xii  (1>W7)  1. 
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Ik    Tjeaf  cells  almost  or  quite  isodUimetriCt  often  obHCure. 

Leaves  with  a  narrow  border,  at  least  on  vagi  nan  t  lamina. 

Marji^inal  leaf -cells  not  papillose F.  lncnrru»,  3. 

Marginal  leaf -cells  papillose. 

Costa  i>ercurrent P.  Kavoiielil,  13. 

Costa  ceasing  below  apex F.  Garberi,  15. 

Leaves  without  a  border. 
Acute,  cells  densely  chlorophyllose,  obscurely  papillose  F.  Domicilii,  14. 
Obt\ise,  cells  pellucid,  ojjerculum  conic  .        F.  obtnsifolius,  17. 

Apiculate,  oi)erculum  with  acicular  1>eak  .        F.  osmiindoides,  18* 

Leaves  with  a  thick  reddish  border.     Plants  submersed, 

rigid        ..." F.  mfnliiA,  8.* 

B     Fruit  lateral. 

1.     Leaves  without  a  border. 

Obtuse,  entire,  plants  2-5  cm.  high,  fruit  sub-terminal  F.  polypodioides  23. 
Rounded  at  apex,  irregularly  serrate,  1-3  cm.  high,  fruit 

sub-basal F.  siib-basilarls,  22. 

Mucronate,  regularly  serrulate,  fruit  basal  or  sub-basal      F.  taxifoliiis,  20. 

2.    Leaves  bordered  by  several  rows  of  paler,  often  incrassate,  cells. 

Capsule  cemuous,  leaf-cells  minute        .        .        .        .      F.  Floridanns,  7. 

Capsule  erect  or  inclined,  flowers  dioicous,  leaf -cells  ob- 
scure       F.  docipicns,  19. 

Capsule  erect  or  inclined,  flowers  monoicous,  leaf-cells  dis- 
tinct          F.  adiaiitoidc8,  21. 

II.    (PACHYFISSIDENS.)    Leaves  rigid,  composed   of   more   than  one 

layer  of  cells,  opaque. 

Plants  growing  in  water  or  very  wet  places       .        .     F.  grand ifrons,  24. 

III.    (OCTODICERzVS.)^    Plants  aquatic,  filiform,  floating. 

Plants  large,  much  branched,   pedicel  shorter  than  the 

capsule F.  JiiliAiiiis,  C.   1. 

Plants  small,  little  branched,  pedicel  longer  tlian  the  cap- 
sule         F.  Halllauiis  C.  2. 

*  F.  ventricosns,  Lesq. 
^  Conomitrium  of  Manual. 
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In  the  Revision  of  N.   A.  species  of  Fissidens,^  FF.  inconstans,  exiguus 
and  minutulus  were  reduced  to  F.  incurvuH,  the  two  latter  forming  varie- 
ties.   FF.  bryoides  var.  casspitans,  crassipes,  Hallii  and  Texanus  are  rel- 
egated to  the  list  of  doubtful  species. 

Two  species  have  recently  lx*en  named  by  Renauld  and  Cardot  *  as  oc- 
curring in  the  U.  S.,  FF,  Bambergcri  Schimp.  and  viriilulus  V/ahl,  The 
first  of  these  I  regard  as  a  form  of  F.  incurvus;  the  second  is  possibly  a 
sub-species  of  the  same.  It  may  be  known  by  its  thin -walled  capsule,  with 
the  peristome  inserted  below  the  mouth.  Neither  are  wortliy  of  a  distinct 
place  in  the  key. 

L.EUOOBRYUM,  p.  90. 

Capsule  apparently  lateral  (by  innovations),  loaves  erect- 
spreading,  oblong  lanct»olate L.  vulgare,*  U 

Ca})sule  exactly  terminal,  leaves  squarrose,  very  short  and 

very  broad L.  scdiforuie,  2. 

OERATODON,  p.  92. 

Stems  2-1^  (sterile  often  10)  cm.  long,  teeth  articulate  for  J 

length C.  purpureas,  1. 

Stems  5  mm.  long,  teeth  articulate  to  middle       .        .        .        C.  minor,  3. 


TRIOHODON,  p.  92. 

Cells  of  leaf  base  linear,  above  rectangular  .        .        .      T.  c)  liiidrlcus,  1. 
Cells  of  leaf  base  rectangular  (1:^3-4),  above  quadrate    .        T.  llexifolius.* 


DISTIOHIUM.  p.  93. 

Capsule  erect,  spores  17-20  // 1).  capillaceum,  1. 

Capsule  cernuous,  spores  30-14  ;/    .  ...        I),  incliiiatum,  2. 


SELIQBRIA,  p.  96. 

Seta  straight  when  moist. 
Leaves  sharp  ])ointed.   cells  above   rectangular,   spores 

10-14// S.  piisilla,  1, 

Leaves    blunt -pointed,    cells    above    quadratic,    s|)ores 

14-18  n S.  oalcarea,  2. 

»  See  Biirnes:     Pot.  Gaz.  xJi  (leWT)  1. 
8  Hot.  Gnz.  xiv  (1H8'J).  Py. 

=•  L.  minun  cannot  be*  separated.     L.  vulpan*  varies  from  3  to  30  cm.  in  height  and  good 
fniit  can  be  found  in  the  same  tuft  from  December  to  August. 
•  Renauld  *  Cardot:     /?«»^  Gaz  ,  xiv,  (1K8?»)  94.  pi.  XIII. 
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Leaves  mostly  blunt-pointed,  cells  rectani^lar,  sp5res 

24-82 /i S.  tristicha,  4. 

Seta  arcuate  when  moist S.  recnrvata,  3. 

PCTTIA,  p.  lOO. 

I.    Peristome  0  or  rudimentary. 

Ck)sta  with  2-4  lamelhe  above P.  ca?i folia,  1* 

CoBt&  not  lamellate. 
Leaf -margins  more  or  less  revolute . 
Lid  conic  obtuse,  spores  echinate  ....        P.  mlniitnla,  2. 
Lid  rostellate,  spores  papillose. 

Calyptra  smooth P.  trnncata,  8. 

Calyptra  scabrous P.  Wllsoni,  4. 

Leaf-margins  plane  or  involute. 
Lid  abruptly  rostrate,  leaves  sharply  serrate  above     .     P.  Heimii,  5. 
Lid  conic,  leaves  distantly  denticulate  above  .        .        P.  riparia,  6. 
Lid  conic -subulate,  leaves  slightly  crenulate  above  .     P.  Barbula,  7. 

n.    Peristome  distinct. 

Leaves  oblong-lanceolate,  margins  revolute  ...        P.  Starkeana,  8. 
Leaves  rounded  or  round-spatutatc,  margins  piano        .        P.  latifoUa,  9. 


DIDYMODON,  p.   104. 


Leaf  cells  throughout  quadratic 
Leaf  cells  below  rectangular. 

Leaf  base  reddish,  margins  above  revolute  . 

Leaf  base  hyaline,  margins  plane     . 


D.  Inridns,  2. 

D.  riibcllus,  1. 
D.  cyUndricus,  3. 


LBPTOTRIOHUM,  p.  106. 

DioicouB. 
Leaves  slightly  twisted. 
Stem    leaves   spreading,    pericha3ti:il     leaves    hardly 

sheathing L.  tortile,  1. 

Stem  leaves  imbricate,  periclijetial  leaves  long  sheath- 

mg L.  vaginalis,  2. 

Leaves  not  twisted. 
Plants  short  (1-2  cm.),  not  radiculose    .        .        .     L.  homomallnm,  8. 
Plants  long  (to  10  cm.)  densely  radiculose       .        .        L.  flexlcanle,  4. 
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MonoicouB. 
Planto  short  (5  mm.) 
Teeth  cyUudric,  nodose -articulate,  leaves  spreading  .     L.  pallidum,  5. 
Teetli  flattened,  linear,  trabeciilate,  perforate,  leaves 

secund L.  Schiuiperi,  6. 

Plants  longer  (2-3  cm.)i  glaucous     .        .        .        .        L.  glancescens,  7. 


TRIOHOSTOMUM,  p.  108. 
I.    Lamina  comjfosed  uf  one  layer  of  cells^  papillose. 

Margin  reflex ed  or  undulat<:>,  entire. 

Aiuiulus  0  T.  topliaecnm,  !• 

Annulus  large,  comi)ound T.  pyriformc,  8, 

Margin  plane  or  incurved. 
Costa  reacliing  ai)ex  or  excurrent;  serrate  above. 
Base  of  leaf  yellowish,  with  thick  walled  rectangular 

cells T.  crisp nlnm,  8. 

Base  of  leaf  hyaline. 
Abruptly  mucronate  or  obtuse,  with  long  papilke    T.  Iluvo-vircns,  4. 
Gradually  acuminate,  papillce  low  .        .  T,  uitidnm,  Sch.' 

Costa  ceasing  far  below  ai)ex;  entire  ,        .  T.  Coloradense.* 

II.     Lamina  of  two  layerSy  ujjj^r  surface  mamillusc.  lower  smooth. 

Peristome  not  twisted,  s(»ta  arcuate  or  variously  Iwnt       .        T.  Uoxipos,  5. 
Peristone  twisted,  seta  subflexuous        ....         T.  aiioiuulum,  6. 

DESMATODON,  p.  110. 

I.     Capsule  erect  or  nearly  so. 
A.     Leaves  icithout  a  hyaline  or  thiekcned  bonk'r. 

1.  Xot  pajtlllose         .        ,        .        .         1).  systilius,  3. 

2.  Papillose. 

a.     Costa  e.vcurrent  into  a  hair. 

Capsule  oblong  (1 : 2  or  1 :  'A  excl.  lid),  16  teeth  divided  nearly  or  (juite  to  base. 
Plants  of  mountainous  regions;  calyptra  reaching  base 

of  cajisule I>.  latifoliiis,  1. 

Pliints  of  lowlands:  calyptra  reaching   half  way  to  base 

of  cai)sule I)  .Guopiiii,  10. 

»  ReuauM  ami  Canlot:    Dot.  Gaz.  xiv  (IbSDj,  '.I'J. 
•AppciJilix,  i>.  413 
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Capsule  cylindric  (1:5-6);  teeth  divided  half  war  or  entire. 

[I>.  oblltjuiitf  may  besought  here.] 

Dioicous J>.  plinthobiiis,  6. 

Monoicous 1).  Neo-Mexicanus,  7. 

b.     Costa  vcinishing  at  apex  or  forming  a  short  point. 

Leaves  hyaline  |  of  their  length  ....         U.  obtiisi folium.  9. 

Leaves  hvaline  onlv  at  base. 
Margins  revolute. 
Capsule  long  cylindric,  leaves  crenulate  .        .         D.  aronaceiis,  3. 

Cai)sule  elli]>tic,  leaves  entire I),  nervosum,  8. 

Margins  inflexed  above 1).  (vurberi,  4. 


B.     Leases  imth  a  pellucid  borikr.      .        .  D.  Porteri,  5. 

II.     Caxisule.  mxlding  or  pendent. 

Leaves  with  a  thickened  border  below. 

Seta  straight,  capsule  nodding  or  horizontal        .        .  D.  ecrnnus,  11. 

Seta  reflexed,  capsule  pendent           ....  D.  Laurori,  13. 

Leaves  without  a  border    .        • I),  obliquiis,  12. 


BARBXJLA,  p.  116. 

I.    Leaves  ivith  jointed  dichotomous  filaments  on  the  casta, 

Costa  broad  (}  leaf)  flattened,  leaves  thick,  rigid  g  L  Aloidellie. 

Costa  narrow,  round,  leaves  thin,  broad    .        .        .        ^  H.  Chlorouotie. 

n.    Leaves  not  filamentose. 

Teeth  from  a  low  membrane,  scarcely  projecting  from  the 
mouth  [excl.  B,  hrevipes]. 
Plants  small. 

Leaf  cells  distinct g  111.  C'nneifoliie, 

Leaf  cells  small. 
Perichfetial  leaves  little  different  from  the  foliage, 

^  IT.  Ungniculatie. 

Perichaetial  leaves  long  sheathing  or  convolute    .     g  V.  ConTolntie. 

Plants  robust  [excl.  B.  cfpsjntosa]. 

Leaves  entire;  stems  radiculose       .        .        .        .        ji?  VI,  Tortiiosie. 

Leaves  serrate,  stems  not  radiculose    .        .        .        ^  YII.  Sqnarrosfe. 

Teeth  from  a  high  tesselated  membrane  ,        g  Till.  Syutrichlse. 
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fi  I.    AloidellSB. 

Synoicous B.  brovirostris,  1. 

Dioicous. 
Annulus  broad,  revoluble,  calyptra  reaching  the  middle 

of  the  capsule B.  rigida,  3. 

Annulus  small,  persistent,  calyptra  barely  covering  the 

lid B.  ambigaa,  3. 


§  n.    OhloronotSB. 

Leaves  with  hair  points. 

Tip  of  leaf  hyaline B.  ineinbranifolia,  4. 

Tip  of  leaf  concolorous. 
Hair  smooth,  leaves  acute  or  somewhat  obtuse    .      B.  chloronoto»,  5. 
Hair  serrate,  leaves  rounded  obtuse    ....  B.  Henrici.* 

Leaves  without  hair  points B.  Xannlfld.* 


§  in.    OuneifolisB. 

Leaves  bordered  by  2-4  rows  of  thickened  cells  .        .        B.  luiirgiiiatai,  8. 
Leaves  bordered  by  1  row  of  round  yellowish  cells  with 

prominent  papilla',  aristate  .        .        .        .        B.  Vahliaua,  7. 

Leaves  with  a  broad  yellowish  border,  not  pointed      H.  Kjureliiitri  Schliep.* 
Leaves  without  a  border. 
Costa  excurrent  into  a  hoary  hair        .        .        .        .         B.  miiralis,  12. 
Costa  forming  a  short  point  or  ceasing  beli)w  apex. 

Leaf  cells  smooth B.  ciineifolin,  6. 

Leaf  c'l'lls  papillose  [incl.  B.  amplcra  /] 

Peristome  membrane  long B.  brevipes,  11. 

IVristome  membrane  short. 
Inner  peric-luvtial  leaves  short          .        .        .         B.  Bolandcri,  9. 
Inner  pericluetial  leaves  loug-slieathing,  abrui)tly 
retlexed B.  aiiiploxn,  10. 


5^  IV.    UnguiculataD. 

I  B.  ca'spitoHa  iiiny  bt*  souglil  InTt'.j 

L    Peristome  (K B.  riibigincsn,  28 


».Tlnii:  Fhill.  Wo.shb.  Cull.  Utb.  i  (18W\  17-.\ 
«  Mailer:  Fhn-n  18S7,  'Hi. 
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n.    Peristome  present. 
A.    Teeth  straight  or  scarcely  tunsted. 

Nodose,  separate B.  ri^idiila,  22. 

Cancellate B.  caneellata,  19. 

B.     Teeth  plainly  tmsted. 

1.    fj^aves  blu7it  or  mucronate  by  the  ejrcurrent  cost  a. 

Leaves  sliort.  ovate,  the  very  apex  obtuse. 
Capsule  cylindric,  calyptra  reaching  middle  B.  brachyphylla,  20. 

Capsule  ovate,  calyptra  reaching  base       .        .        .        B.  purpurea,  21. 
Leaves  longer,  narrower,  sharp  pointed. 
Cells  at  base  rectangular  and  pellucid. 
Capsule  oblong-elliptic  to  sub-cylindric.  sub-incurved, 

B.uiiguiculata,  13. 

Capsule  oblong,  small,  erect B.  Jooriana,  14. 

Cells  at  base  quadrate,  chlorophyllosc        .        .        .        B,  Criie^erl,  18. 

2,    Leaves  gi'odually  pointed. 

n.     Leaves  not  papiUoHe  [incl.  B.  artocarpa  /] 

Annulus  none B.  urracilis,  31. 

Annulus  large,  simple,  persistent        ....         B.  artocarpa,  80. 

b.  Lcarcs  papillose. 

i.     Cells  at  base  roundish,  quadrate  or  short-  rectangular. 

Annulus  0. 

Costa  70  //  wide  at  base  and  tai>ering  gradually         .         B.  fallax,  15. 

Costa  50  //  wide,  of  equal  breadth  to  middle       ,     B.  rocurvi folia,  17. 
Annulus  pale,  compound B.  elala,  27. 

ii.     Cells  at  base  rectangular,  often  elongated. 

|B.  fiillax  muy  be  sought  liere.) 

Leaves  erect-incurved,  imbricate  when  dry. 

Cells  above  0-7 // diameter B.  vinealis,  23. 

Cells  twice  as  large B.  virosceas,  25. 

Leaves  s<iuarrose-8preading  orreflexed,  twisted  when  dry. 
Perichajtial  leaves  open,  sheathing  only  at  base,  revolute 

on  edges B.  siibfallax,  16. 

PerichiAjtial  leaves  half  sheathing. 
Annulus  simple,  narrow,  persistent        .        .        .      B.  $emlt4>rta,  29^ 

>  In  Lesq.  &  James'  Manuul,  p.  120,  in  note  under  B.  aemitortu.  read  "  Comi>arable  to 
B.  vineah's  "  instead  of  B.  brachyphylla.    See  Pacif.  R.  R.  Rejtt.,  iv,  180. 
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Annul  us  double  or  triple. 

CpIIs  ^-7  7/  in  diameter  ^  ^^'  <!>'li"drlc'a,  36. 

CeU^> .)  7 y/ in  diameter        ....  "/ B.  rfexi folia,    24. 

Colls  twice  as  larfje B,  viresccns,  25. 

Nos.  23. 24,  25.  20,  with  iK)ssi])ly  29,  are  doubtless  forms  of  one  species, 
so  tliat  the  key  will  probably  break  down  here. 


$?  V.    Oonvolutae. 

Loaves  involute  on  margin. 

Aristulate  b}-  excurront  cost*i B.  a&rraria,  34. 

Acute  or  submucronate B.  Bonnollii,  36. 

liOaves  plane  on  margin  or  recurved. 

Caivsule  costat^  when  dry B.  Kaul,  35. 

Ca])Sulo  smooth. 
Leaves  acute,  costa  [lercurrent        .        .        .        .       B.  oonvoluta,  32. 
Loaves  with  hyaline  \i<ni\\ B.  Clostorl,  33. 


ft  VI.    TortuosfiB. 

Leaves  long  linear,  acute,  abniptly  mucronato                .  B.  ea^spitosn,  37. 
Leaves  very  long  acuminate,  cuspidate. 

Twisted  crispate  when  dry,  above  of  one  layer  of  cells  B.  tortiiosa,  38. 

Not  crispate,  brittle,  two  layers  of  i^olls  above        .  B.  frnsrilis,  39. 


t!  VII.    Squarros83. 
Includes  but  one  speci(;s B.  scfuarrosa,  40. 

?:  Vin.    Syntrichiee. 

■  IJ.  brt'vipo!*  may  he  soujrlit  Ikth.] 

I.     Ijeaves  ivitfi  (i  Itorder  of  thickaied  alls. 

Marginal  ce' is  elongated U.  snbulata,  41. 

Marginal  cells  roundish B.  hi'vipila,  44. 

II.     Leaves  not  bordered. 

Cells  smi)oth B.  nmcronifolla,  43. 

Cells  pai)ilk)se. 

Monoicous. 

^    J.  ^  \  H.  inennis,  42. 

Costa  j)en^urrent         .        .        .         .  ' 

{  B.  subulata  var.  nintica,  41. 

Costa  oxcuirent  into  a  long  (mostly  smooth)  hyaline 
hair B.  laM  ipila.  44. 
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Polygamous,  costaexcurrent  into  a  hyaline  spinulose  hair  B.  Mnelleri,  48. 
Dioicous. 
Costa  pereurrent  or  ceasing  below  a])ex        .        .        .  B.  latl folia,  45. 
Costa  short-excurrent,  clothed  above  with  gemmns       B.  impillosa,  47. 
Costa  naked,  excurrent  into  a  hyaline,  spinulose  hair. 
Hair  red  at  base,  upi)er  leaves  acute                 .         B.  mogalocari>a<* 
Hair  white  tliroughout,   upjHjr  leaves  rounded  or 
emarginat<^ B.  rural  is,  46. 


QRIMMIA,   p.  134. 

Seta  shorter  than  the  capsule. 
Straight,  capsule  symmetric. 

Lid  falling  with  columella .^  I.  Schistidinm. 

Lid  persistent  on  columella §  II.  S<*oiileria. 

Crooked,  capsule  ventricose  ...  §  III.  Gastcrogrimmla. 

Seta  longer  than  cajisule. 

Arcuate .        |i  IV.  £ii£rrimmia. 

Straight ^  V.  Ciuembelia. 


^  I.    Schlstidium. 

Leaves  with  hyaline  points  (excl.  vars.  of  1  and  3) 
Perichiotial  leaves  obtuse,  in  lower  J  cells  large     .        (ir.  platyphylla,  4. 
Perichsetial  leaves  liair  pointed. 

Capsule  oblong G.  ainbigun,  2. 

Capsule  ovate-globose. 
In  small  dense  cushions,  soft,  lurid  green  .  (».  conforta,  1. 

In  lax  cushions,  coarse,  fuscescent         .        .        .       G.  apocarpa,  8. 
Leaves  muticous. 
Margins  plane. 

Coarsely  dentate  at  ai)ex U.  Agassizii,  5. 

Entire  at  apex G.  marltinia,  6. 

Margins  recurved  or  revolute        .        .        .        •     ]  (I'  a?>ocari!a  !'  ^  *'*^' 

^  II.    Sooulerla. 
Includes  but  one  species '  •  -  G.  Scoiileri,  7. 

§  III.    Gktsterogrriniinia. 

Peristome  0,  lamina  bistratose  near  ai)ex         .        .        .        .   G.  anodon,  8. 
Peristome  present,  lamina  unistratose  throughout     .        G.  plagiopoda,  9. 

>  Kindberg:  Bull.  Torr.  Bot.  Club,  xvl  (!«»>,  92. 


-u 
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^  TV.    Eugrrixnxnia. 

Capsule  costate  when  dry. 
Leaves  liomomallous-falcate  when  dry 
Leaves  spirally  twisted  on  stem  when  dry 
Leaves  incur ved-cirrhate  when  dry    . 
Leaves  imbricate  or  slightly  twisted  when  dry. 
Hair  point  rough,  ca^ysule  obscurely  costate 
Hair  point  smooth,  capsule  strongly  costate. 
Laxly  pulvinatecespitose,  dioicous 
Densely  pulvinate,  nionoicous 
Capsule  not  costate  (or  obscurely)  when  dry. 
Leaves  falcate-reflexed  when  moist 
Ijcavos  not  reflexed. 
Margins  j)lane,  capsule  ellijitic,  collum  0 
l<i.  Miilileiiht>ckil  may  be  soujzriit  Ihti'I. 

Margins  retiexed. 

Capsule    subx>yrlform,  collum    distinct,  leaves  not 

gemmiferous (j.  Califoriiica.  18. 

Capsule  oval-oblong,  up|x»r  leaves  gemmiferous  (t.  Ifarlinaiii.  Sch.* 


G.  liAiniiloso,  13. 
G.  ton|iiata,  IB. 
G.  coiitorta,  11. 

(}.  Muhlenbookii,  14. 

G.  trlehopliylla,  16. 
.    if.  pnlvluata,  10. 

(«.  W  at  son  i,  15. 
.    U,  OliioyI,  17. 


A  sterile  siK'cies,  Griminta  arcuafifoh'fi^  probably  belonging  to  this  section 
has  been  descril>ed  by  Kindberg  in  7?f(//.  Ton\  Bot.  Chih,  x\\  (HSfi),  03. 
It  resembles  G.  Watsoni  in  the  reflexed  leaves. 


?5  V.    Guembelia. 


Jjamina  aliovr*  '2-1  stralosn. 
Calyj»tra  ou<Millale. 

Loavos  liair  jMuntod         .         .         .         .         . 
Leaves  not  hair  jM»hited.  ratlier  ))lunt 
Calyptra  initvate. 
Leaf  margins  i»lan«.'        ..... 
Leaf  margins  reenrv^nl. 
Walls  «>f  i>asal  c<^lls  sinuate 
Walls  of  hasjil  cells  sm(»i>t!i 
Onlv  the  margin  3 — 1-stratose. 

Leav(?s  mut icons  or  hyaline,  apiculate 
Leavi's  hair  pointed. 
Aniiulu-s  1). 
(.'alyptra  mitrat«.',  ci)vering  whole  capsule 
Calyptra  eucullate  .... 


G.  coitniiiitata,  '35. 
G.  nni('i>lnr»  '28. 

{%.  leiUM»pha^a,  .22. 

(i.  IN'nns\lva!ii<M.  2'3. 

■ 

G.  f»\ata.  '21. 
it,  <'(>Ioradeiisis,  "20. 


G.  calyplratn,  "28. 
G.  inontami,  '3r>. 


■  Mr-,  i:.  <j.  Britloii,  luni.  Turr.  Ihd.  rioh,  xvi  risK*..  lUO. 


w 
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Annulus  present . 
Cells  of  leaf  base  elongated  (1:4  to  1:  8)  G.  Donniana,  19. 

Cellsof  leaf  base  short  (1:2)  ....        G.  alpostris,  27. 

Orimmia  Manjiice,  apparently  of  this  section,  is  described  by  MGUer  {Flora 
1887,  228),  from  California.  Mrs.  E.  G.  Britton  is  of  opinion  that  it  is  only 
O,  alpestris  Schleich. 


RHAOOMITRIUM,  p.  147. 

I.    Branches  fastigiate. 

Leaves  with  a  short  hyaline  point        .        .        .        .        R.  Sudeticiim,  5. 
Leaves  muticous. 

Costa  with  2-4  lamellae  at  back R.  patens,  1. 

Costa  not  lamellose. 
Leaves  with  large  quadrate  cells  at  the  basal  angles, 

decurrent R.  deprcssnm,  3. 

Leaves  not  auricled  nor  decurrent. 
Obtuse. 
Pericha?tial  leaves  costate,  seta  long           .  R.  aclcnlare,  2. 

Perichcetial  leaves  ecostate,  seta  short  .        .        R.  Nevii,  4. 

Acute R.  Maconnll,  ^ 

II.    Branches  fasciculate, 

A.        Ijcaves  muticous. 

Cells  elongated  above. R.  fasoicnlare,  .7. 

Cells  quadratic  above R.  varinm,  8.* 

[R.  caneKcens  may  be  sought  here.] 

B.    Leaves  with  a  hyaline  point. 

Cells  linear  throughout  lamina       .        .        .        .        R.  mierocarpum,  9. 
Cells  quadratic  above. 

Strongly  papillose  both  sides R.  canescens,  11. 

Smooth  (except  at  the  point). 
Hyaline  point  denticulate       ....        R.  heterosticham,  6. 

[R.  canescens  var.  lutescens  and  R.  varium  may  be  sought  here.] 

Hyaline  point  strongly  erose-serrate  and  papillose  R.  lannginosnm,  10. 

>  Kindberg:    Bull.  Torr.  Bot.  Club,  xrl  0889),  93. 

3  R.  Oreganum  Renauld  and  Cardot:  Bot.  Oaz.,  ziii  (1888).  196,  pi.  XV,  is  this  species 
(^de  J.  Cardot  in  littO*  which  seems  to  be  i?.  cane«cen«,  var.  lutetcem  L.  and  J.;  fide 
Mrs.  E.  G.  Britton  in  litt. 
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OOSOINODON,  p.    154. 

Costa  not  entering  the  hyaline  point  whicli  is  less  than  the 
leaf  in  leni^h. 
Dioicous,  leaves  oblong  lanceolate        ....     C.  piilvinaliis,  1. 

A utoicous,  leaves  obo vat 0 C.  Rani,  3. 

Costa  forming  a  rough  hyaline  point  twice  as  long  as  the 

leaf C.  Wrlurhtii,  2. 


PTYOHOMITRIUM,  p.   166. 

Plants  large  (3  cm.  +),  leaves  acuminate,  sharply  dentate    P.  (vanluori,  1, 
Plants  small  (1   cm.   — ),  leaves  not  acuminate,  nearly  or 
(juite  entire. 
CoUum  0. 

Teeth  subulate  (1:10),  entire P.  liiourviim,  2. 

Teeth  lanceolate  (1 :4),  bi- or  trifid        .        .        .1*.  Driimmoiidii,  3. 
Collum  equalling  one-third  sporangium     ...       P.  pyurmicnni,  4. 


AMPHORIDIUM,  p.   168. 


Leaf  mar^^iiis  phin(\  eiUin? 
Leaf  margins  recurved  or  rovolute. 
Leaves  remote,  re(rurvo(J-t<]>roadiiig,  serrate 
Leaves  close. 
Costa  excurroiit,  seta  arcuate 
Costa  vanishin;^  below  apex. 

Entire 

Serrulate     


A.  LapiMHiieuin.  1. 

A.  Sullivantii,  4. 

.     A.  (.'alifornieiim,  •{. 

A.  Monireolii,  2. 
A.  ea^spitosum,  •"». 


ULOTA,  p.  160. 
I.     Leaves  rfgid,  not  criajnite  when  dri/. 


V.  DriiiuinoiKlii  may  he  sou u) it  licn>. 


Costa  percurrent 

Co.sta  ceasing  below  apex 


r.  Iffulchinsias  9. 
r.  Harclayi,  10. 


II.     Leaves  crispate  irlun  dry. 


Upper  leaves  tipped  with  gemma} 


r.  phyllaiitha,  8. 
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Upper  leaves  not  bearing  gemmte. 
Dry  capsule  costate  only  at  narrow  mouth  .         V.  Lndwigii,  2. 

Dry  capsule  costate  its  whole  length. 
Stems   creeping,  leaves    slightly    crispate,   peristome 

simple U.  Driimmoudii,  1. 

Stems  not  creeping,  leaves  strongly  crispate,  peristome 
double. 
Mouth  of  capsule  contracted    ....  U.  liriichii,  4. 

Mouth  of  capsule  not  contracted. 

Tuft«  brown,  on  rocks i\  curvifolia,  3. 

Tufts  green,  on  trees. 
Capsule  contracted  below  the  mouth   .        .        .        U.  crispo,  5. 
Capsule  not  contracted  below  the  mouth        .         W  erispula,  7. 

U.  Americana  of  Mitten  (no.  6),  is  allied  to  the  last  two  species,  and  I 
am  unable  to  see  wherein  it  dilTers  in  any  features  which  can  bo  used  in 
a  kev. 

ORTHOTRIOHUM,  p.  164. 

I.    LeavcJi  obtuse. 

Margins  plane,  stomata  superficial  ....(>.  obtusifoliiim,  81. 
Margins  re  volute. 

Peristome  simple,  on  rocks 0.  Jaiuesiaiiiiiii,  32. 

Peristome  double,  in  water ().  riviilare,  30. 

II.     Leaves  irith  hyaline  points. 

Plants  largo  (7-8  cm.) 0.  Prini^loi,  \ 

Plants  smaller  (about  1  cm.). 

Teeth  equidistant,  cilia  of  1  row  of  cells        .  0.  diaphanum,  28. 

Teeth  bigeminate,  cilia  of  2  rows  of  cells      ...        0.  canuin,  29. 

m.     Tjcaves  anite,  without  hyaline  pointt^,  margin^s  rcvolntc  or  recurved. 

A.    Stomata  superficial. 
1,    Peristome  simjilc. 

[OO.  Tcxaniiiii  and  riipeHlre  Tiin\'  be  sou|?ht  hero.  | 

Capsule  wholly  exserted,  smooth  when  dry. 

Defluent  into  seta 0.  la^vigatiim,  2. 

Abrupt  at  base O.  Douglas! i,  A. 


»  Mttller:  Bull.  Torr.  Hot.  Club.,  xiii  ri*«0),  12<).  But  July  18,  1888,  he  writes:  "  Mein  O. 
PriDRlel  ist  forma  longifoliacrispatai)flpi11oKa  von  O.  Lyf^Uii,  und  andercrmal  0.i>apillosHm 
iind  0.  Ptwificuni  Htuwi^" \  —  fide  Mrs.  E.  G.  Britton. 
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Capsule  immersed  or  emergent. 

Leaves  densely  papillose 0.  Starmii,  4» 

Leaves  almost  smooth 0.  bnllatani,  ^ 

S.    Peristome  double, 

[OO.  Inevifpituiii  and  Sturm li,  may  >ie  soufrht  here.] 

a.  Capsule  entirely  smooth. 

Immersed,  papillse  simple 0.  leiocarpnm,  25. 

Ezserted,  papillae  bifurcate 0.  Kingrlannm,  15. 

b.  Capsule  strongly  costate. 

Leaves  beset  with  clavate  gemmae 0.  Lyellli,  33. 

Leaves  not  gemmiferous. 

Teeth  erect  when  dry,  cilia  16 0.  Texan nm,  5. 

Teeth  reflexed  when  dry  fO.  brachytrichum  ?),  cilia  8. 
Capsule  (incl.  collum)  subcylindric. 

Leaves  acute,  papillae  simple  or  bifurcate,  salient  0.  afflne,  10. 
Leaves  apiculate,  minutely  papillose                 0.  bracliytrichum,  18. 

Capsule  obovate 0.  sordidnm,  14. 

c.    Capsule  ribbed  only  near  mouth. 

Peristome  opaque,  very  pai)illo80,  reflexed  when  dry  0.  speclosum,  12. 
Peristome  opaque,  transversely  lineolate,  reflexed   when 

dry 0.  Bulaiidori,  8.* 

Peristome  not  opaque,  erect  when  dry,  papilliW  more  or 

less  obliterated  or  reduced  to  sinuous  lines    .        .        (>.  rnpostre,  7. 

B.    Stomata  immersed. 

1.    Peristome  simple. 

Capsule  smooth  when  dry 0.  DoiiglasiK  6.? 

Capsule  faintly  costate,  bands  (8,  rarely  16)  cinnamon-red  (K  auomalmu.  1. 
Capsule  16-co8tate,  bands  (16,  rarely  8)  yellow    .  0.  ciipulatnm,  3. 

Capsule  8-costate 0.  Texaiiiim,  5.* 

[O.  Hallii  may  be  sought  here.] 

»Mttller:    i?7ora,  1887,  228. 

>  This  sp.  is  O.  rupeitre,  var.  vulgare^  fomia  denaior  according  to  Venturi  in  Husn.  Mu9c . 
Oall  156. 
*  This  species  is  repeated  here  because  the  character  of  the  stomata  is  unknown  to  me. 
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2.    Peristome  double. 

a.  Capsule  sjtiooth  when  dry, 

alia,  wider  than  teeth 0.  exi^iium,  24. 

Cilia  narrow. 

Capsule  gradually  narrowed  to  seta       ....        0.  pallens,  26. 

Capsule  abruptly  contracted  to  seta      ...        0.  pslloi^arpum,  23. 

b.  Cajmde  costate  when  dry, 

i.    Abruptly  contractexl  to  setUy  collum  not  evident. 

Leaves  with  simple  papilla'. 

Capsule  exserted,  teeth  papillose       ,        .        .        .  0.  consiuiile,  21. 

Cai>sule  subimmersed,  teeth  with  oblique  sinuous  lines  .     (>.  Ifallll,  13. 

Leaves  rough  with  very  long  forked  pafnlla^    ...  0.  Wat«(4>ni,  0. 

ii.    Gradually  Jiarroiced  to  seta  with  evident  collum. 

*  Capsule  exserted. 

[O.  tenelluiii  may  Iw  sought  here.] 

Cilia  8,  calyptra  hairy 0.  oylindricarpiim.  22. 

Cilia  16,  calyptra  naked 0.  pulchollum,  27. 

*  *  Capsule  immersed  ornearly. 

Leaves  with  salient  furcate  i)apilla^ 
Teeth  papillose  below,  paler  above,  with  longitudinal  or 

sinuous  lines,  rarely  jwrforate       ....().  alpe»*tro.  11. 
Teeth    papillose    throughout,     often    perforate    along 
median  line. 
Neck  of  capsule  shriveling  into  a  cup  which  receives  the 

seta,  capsule  contract<id  below  mouth       ...        0.  fallax,  17. 
Neck  of  capsule  not  becoming  cux>ped,  cai>sule  not  con- 

trac^ted  below  mouth ().  puiiiilum.  Sw.» 

Leaves  with  simple,  often  weak  i>apillae. 
Capsule  emergent,  subcylindric  (long  cyl.    when  dry), 

little  contracted  below  the  mouth        ...        0.  touollum,  20. 
Capsule  immersed,  obovate,  contracted  below  mouth. 

Neck  shrivelling  into  a  cup,  whicli  receives  the  seta  .        0.  fallax,  17. 
Neck  not  l>ecoming  cupped      ....        0.  straiigulatnm,  19. 
Capsule  immersed,  not  contracted. 
Capsule  straw-colored,  teeth  dirty-reddish      .        .        0.  Ohioense,  16, 
Capsule  with  yellow  (not  orange)  bands,  teeth  orange, 
yellow  or  pale 0.  piimilnm  Sw.* 

» Venturl:  Husn.  Muse.  Gall.  179,  pi.  49. 
4— A.  &  L. 
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MAOROMITRIUM,  p.  178. 


Capsule  plicate  at  mouth  and  base  only 
Capsule  costatc  its  whole  length. 

Lid  conic,  blunt,  i>eristome  0. 

Lid  subulate,  peristome  present 
Cai>siiIo  smooth 


M.  SiilliTantii,  1 

M.  Fltzisreraldi,  i 
H.  rhalMl4K*arpiiin,  i 
31.  iinicronifolium,  < 


ENOALYPTA,  p.  180. 

L    {'apsule  spirallif  striatr  and  sulcatc  when  th-if. 

Ca|)sule  twisted  to  the  ripjht  when  dry,  leaves  w^ith  hya- 
line hair  iK>ints,  teeth  glabrous        .        .        .        .        K.  Selwjni,  ' 
-Capsule  twisted  to  the  left  when  dry. 

Leaves  sicuto  or  apiculate,  teeth  i)apillose,  with  a  median 

line K.  procera,  I 

Leaves  muticous,  usually  obtuse,  teeth  filiform,  nodose, 

minutely  papillose E.  stroptoenrpa,  i 


II.    Capsule  vertically  striate  and  sulcata  when  dry,  or  smooth. 


Distinctly  striate 

Smooth  or  faintly  striolate. 
Calyptra  entire  at  base,  peristome  0  or  fugacious. 
Calyptra  smooth  at  apex         .... 
('alyj>lra  scabrous  at  a)>ex 
Calyptra  fringe<l  at  Uose,  peristome  present. 
L«'aves  apiciilatoacuminato 
Ij«.»aves  miiticous  ...... 


K.  rliabdocarpa,  i 


K.  coiiinintata, 
K.  Tulsraris. : 

K.  (dliata,  - 
K.  Macoiuiii,  i 


CALYMPERES,  p.   184. 

Leaves  oblong  or  broad- ovate. 

UpiH>r  l(»avos  very  obtuse,  oftt'U  filanu.'ntose  at  apfx  .        ('.  Kirliardi. 

Upper  loaves iwute,  often  lilam^ntose  in  middle  ('.  disciformo, 

Li>avos  narrowly  [)anduriform,  obtuse  or  retuse          .  ('.  ( .')  crispiiiii. 


SYRRHOPODON.  p.  185. 


Loaf  margins  bilainelLate  upwards 
Leaf  margins  single  throughout 


S.  Floridanus. 
S.  Texainis, 
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TESTR APHIS,  p.  186. 

Pedicel  straight T.  pcllnoida,  1. 

Pedicel  geniculate  at  middle T.  genicalata,  3. 

DISSODON,  p.  189. 

Seta  short  (5  mm.))  thick,  capsule  erect,  chestnut  brown, 

D.  Hornschachil,  1. 
Seta  longer  (1.5  cm.),  plants  1-2  cm.  high,  capsule  often 

inclined,  orange D.  Froelichianns,  2. 

Seta  longer  (3-4  cm.),  plants   4-12  cm.,  capsule  erect, 

orange D.  splachnoldes,  3. 

TAYLORIA,  p.  190. 

Teeth  i  length  of  sporangium,  strap-like,  reflexed,  sinuous 
and  twisted  when  dry,  upper  half  of  leaf  serrate, 

T.  splachnoides,  2. 

Teeth  much  shorter,  linear,  recurved,  upper  third  of  leaf 

serrate T.  serrata,  1. 

TESTR APLODON,  p.  191. 

Leaves  sharply  serrate,  narrowed  to  filiform  point     .        T.  angastatns,  1. 
Leaves  distantly  incised-serrate,  gradually  acuminate  .        T.  aiist rails,  3. 
Leaves  entire,  more  or  less  abruptly  filif  orm-apiculate. 
.  Costa  sub-excurrent,  empty  sporangium  constricted  in 

middle T.  ninioides,  2. 

Costa  ceasing  below  point,  empty  sporangium  not  con- 
stricted in  middle T.  nrceolatus,  4. 

SPLAOHNXJM,  p.  193. 

Apophysis  ovate  or  subglobose. 
About  the  size  of  the  sporangium. 
Costa  excurrent,  apophysis  red        .        .        .        .       S.  sphtericnm,  2. 
Costa  ceasing  below  apex,  apophysis  at  first  green  then 

brown S.  Wormskioldii,  1. 

Greatly  exceeding  the  sporangium  ...  8.  yascnlosnin,  3. 
Apophysis  pyriform,  exceeding  the  sporangium  .  8.  anipnllacenm,  4. 
Apophysis  campanulate. 

Purple S.  mbrain,  5. 

Yellow 8.  Intenm,  6. 
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PHYSOOMITRIUM,  p.  196. 

Capsule  immersed P.  immersum,  I. 

Capsule  exserted. 
Leaves  entire  or  nearly  so. 
Seta  short,  little  exceeding  leaves        ....       P.  Ilookeri,  4. 
Seta  much  longer  (5-10  mm.) 
Leaves  ovate-lanceolate,  collum  distinct        .        P.  ac'Uiiiiuatnin,  5. 
Leaves  linear-lanceolate,  collum  0  .        .       P.  tiirbinatiiiii,  6. 

Leaves  serrate,  cells  at  mouth  of  capsule  tninsversely 
elongate. 

5-7  rows P.  ]>>-&:  111  UM1  111,  2- 

12-15  rows  [P.  megalocarpum  V  ] 
Leaves  more  or  less  acuminate,  distinctly  yellow- 

lx)rdered P.  iiieiralocarpuiii. ' 

Leaves  acute,  not  bordered P.  pyri forme,  2. 

ENTOSTHODON,  p.  199. 

Leaves  acute,  capsule  »hort-i)yriform. 

Costa  percurrent,  teeth  dark  reil,  striolate        .       .     E.   Driiinmondii,  1. 
Leaves  acuminate,  capsule  long-pyriform. 

Costa  reaching  miildle,  t^'oth  whitisli,  granulose      .         K.  Itolaiulori,  2. 

Costa  8ubpt?rcurrent,  teeth  red,  noduse,  papillose      .       E.'Teiiipletoiii,  3. 

FUNARIA.  p.  200. 

Aniiulus  0. 

Leav(*s  I'litire  or  nearly. 
Cax)sul«»  anruato,  h'avcs  acuminate 

Costa  oxcurrent F.  Americana.  1. 

Costa  vanishing: F.  Moditerrauea,  2. 

Cap>»ule  rnvt,  leaves  acute F.  ralifoniica,  5. 

Leaves  sliarply  serrate. 
Short-poiiite«.l,  lid  convex,  mnniillato      .         .         .         .     V\  serrala,  4. 
Lonp:  aeun\inat<".  lid  short  eonic        ....  F.  ealearea,  I>. 

Annul  us  lar^e,  re  voluble. 
Cai>sule  irregularly  plicate  and  furrowed. 
LK\ives  with  involute  margins        ....  F.  ronvolula.  6. 

IjrNives  with  plane  margins F.  (lavieaiis.  7. 

Capsule  distinctly  striate-costate. 
Leaves  short-acuminate,  lid  lar^e,  sj»ores  12-17  //      F.  liyurroinelrim,  8. 
L<.»ave-!  loni;  acuminate,  li<l  small,  s^K^res  24-2>5//         F.  iiiiero>1oina.  Vh 

»  KirulKT^':     Hull.  'J\>n.  /;<./.  Club,  xvi  1 1S8'.», )  04. 
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BARTBAMIA,  p.  203. 

Capsule  erect,  peristome  0  or  simple. 
Leaves  reflexed  on  margin  below,  capsule  rugose  when 

dr> B.  Menziesii,  1. 

Leaves  plane,  cai)sule  plicate -furrowed        .        .        .  B.  snbalata,  3. 

Leaves  plane,  capsule  ribbed B.  stricta,  8. 

Capsule  curved,  lid  oblique,  peristome  double. 

Seta  short  (=  capsule),  fruit  i>seudo-lateral              .  B.  Uallcriana,  7. 
Seta  exceeding  stems. 

Leaves  smooth B.  (Ederiana,  5. 

Leaves  papillose  only  on  upper  surface        .        .  .     B.  radicalis,  8. 
Leaves  papillose  on  1x)th  surfaces. 

Base  white,  margin  plane;  synoicous         .        .  B.  Ithyphylla,  4. 

Base  not  white,  margin  re  volute;  autoicous    .  B.  po  mi  form  is,  6  . 


PHILONOTIS,  p.  208. 

Leaf  cells  quadrate *    P.  Macoiinii,  2. 

Leaf  cells  rectangular  to  linear. 
Plants  short  (1-3  cm.). 
Costa  thick,  rusty,  leaves  erect-spreading,  capsule  hor- 
izontal       P^  Mnhlenbeckii,  1. 

Costa  canaliculat<>,  leaves  closely  appressed,  capsule 

oblique P.  Moll  ri ana,  5. 

Plants  usually  long  (3-15  cm.). 
Mouth  of  capsule  with  8  rows  of  transversely  elon- 
gated cells P.  fontana,  8. 

Mout*)!  of  capsule  with  4  rows P.  calcarea,  4. 

MEESIA,  p.  212. 

Leaves  entire,  margins  reflexed  or  revolute. 

Synoicous,  costa  very  thick  (^  leaf  base)    .        .        .        M.  nliginosa,  1. 

Autoicous,  costa  narrow  (j  leaf  base)        .        .        .         M.  Aibertinii,  8. 

Leaves  entire,  margins  plane M.  longiseta,  2. 

Leaves  serrate M.  tristicha,  4. 

"WEBER A,  p.  215. 
L    Leaves  with  a  reddish  border,  distinct  to  apex        .        W.  Tozeri,  17. 
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n.    Leaves  not  bordered,  or  indUtinctly, 
A.    An nu lus  jyreaent, 

1.  Segments  and  cilia  of  endostome  imperfect,  often  only 

a  laciniate  membrane \S\  camptotrachela.' 

2.  Segments  of  endostome  not  xcidely  open  along  the  keel^  cilia  0  or  short 

(excl.  ir.  longicolla), 

Infloresconee  autoicous W.  acuminata,  1. 

Infloreficence  synoicous  or  dioicous. 
Ct»9ta  very  bn»ad,  ^i  of  leaf  base    ....       W.  Cardoti,  Ren.* 
Cu»*ta  narrow. 
Plants  less  than   1  cm.,  seta  5-8  mm.,  capsule  wide- 
mouthed  when  dry W.  iiudicaiiliA,  11. 

Plants  small,  seta  longer,  mouth  of  cui)sule  const ricte<l 

when  dry W.  liolandcrl,  13. 

Plants  2  cm.  or  more,  seta  '3-3  cm \\\  eruda,  7. 

Inflorescence  iwroicous. 

[W.  uadicHullrt  may  l>tf  siiiight  here. J 

Neck  shorter  tlian  sporangium,  cilia  0  .  .        W.  jkolyiuorpba,  3. 

Neck  o<|ualing  8ix)ranf2:ium,  cilia  more  or  less  developed. 

Cilia  \  (or  less)  height  of  teeth  .        .        .        .        W.  elongata,  3. 

Cilia  e<iualing  te(*th W,  loiigieoila,  4. 


8.    Segments  of  ciulostome  npUt  and  gaping  along  keel,  cilia  well  det'el- 

o}>ed. 

Inflorescence  paniicous. 
Capsuh'  pendent,  touc.'hin;^  seta,   not  contractt'd  iindtT 

mouth W.  niciillata,  6. 

Caiwiile  horizontal  or  pendent,  not  toucliin;^  seta,  con- 
tracted l>el()w  mouth >V.  nutans,  5» 

Infloresci'nce  ilioicous. 

U[)i)er  loaves  lance-linear  (1:^5-1(M. 
Plants  loosely  cespitose,  in  wet  s<.>il,  1  cm.  hi^h.  seta 

l-'2  cm \y,  I.escuriana,  14. 

Plants  solitary  or  gregarious,  sj>hagnicolous,  li-ii  cm.. 

seta  :j-lcm \S\  .^^phagnicola,  8. 

Upp«'rmost  leaves  lanc<?olate(l  :•!-()). 

Costa  reaching  a])ex \V.  annotiiia,  9. 

Costa  vanishing \V.  coiiiniulata,  13. 

iRouatiUl  \-  Carilol:  Jiot.  Gnz.  xiil.  (1SSS»,  IW.  pi.  XVI. 
•Renauhl  &  Canlot:  IM.  Gaz.  xiv  (ISi^j,  US,  pi.  XIII. 
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B.    Annulus  0. 

Leaves  nearly  entire,  cilia  very  short    •        .        .        W.  Briimniohdii,  10. 

Leaves  nearly  entire,  cilia  3 W.  Blg^olovii,  19. 

Leaves  sliarply  serrate. 

Stem  red,  leaves  glaucous-green          ....  >V.  alhicann,  18. 
Stem  and  leaves  green. 

Teeth  red W.  cariioa,  15. 

Teeth  yellow W.  piilchella,  16. 

BRYTJM,  p.  223. 

Upper  leaf  cells  rhombic  to  hexagonal. 
Plants  not  from  stolons. 

Cilia  0,  or  inappendiculate i^  L  (iadodiiim. 

Cilia  3-4,  apiHjndiculate §  II.  Eiibryiim. 

Plants  from  stolons g  III.  Rhodobryam. 

Upper  leaf  cells  linear  (1 :  10-15)  branches  julaceoiis      §  IV.  Anoiiiobryum* 


p 


^  I.    Gladodium. 
A.    AntoicoHS. 

Leaves  broad  (1:2),  costa  vanishing  .  B.  calophyilnni,  10. 

Leaves  ovate-lanceolate. 

Cilia  long,  smooth B.  Browuli,  8. 

Cilia  0,  or  rudimentary. 
Capsule  symmetric,  pyriform,  collum  about  i  sporangium. 
Leaves  faintly  bordered,  slightly  revolute     .  B.  Warnciim,  6. 
Leaves  very  distinctly  bordered,  broadly  revolute   B.  Biddloeomiw,  7. 
Capsule  usually  unsymmetric,  elongate,  collum  =  spo- 
rangium     B.  aliginosam,  11. 

B.    Synoicou^,  or  heteroicous. 

Costa  long  excurrent. 
Endostome  attached  to  peristome. 

Spores  verruculose B.  nreliciim,  1. 

Spores  smooth,  about  30 /i B.  pouduliim,  4. 

Spores  smooth,  scarcely  20  // B.  aiigiistirete,  ^ 

Endostome  free '^ B.  inelinatiim,  5. 

Costa  short  excurrent,  or  percurrent. 
Leaves  not  bordered B.  Knowltoni, '. 

»  Kindberg:  Bidl.  Torr.  But.  Club,  xvl  t.l889J.  W. 

*  B.  stenotrichnm,  MUUer  iFlora  1887,  210),  will  be  sought  here  aud  I  am  unable  to  dis- 
cover from  the  description  alone  any  essential  difference  between  it  and  B.  inclinatum. 
s  Barnes:  Bot.  Gaz.  xiv.  (1889),  41. 
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Leaves  bordered. 
Teeth  very  short  (scarcely  200  //),  articles  10-12    .     B.  liabradorense,  *. 
Teeth  much  longer,  articles  alwut  20. 
Costa  excurrent,    leaves  reddish,  margin   scarcely 

re  volute B.  i»iirpnra.scens,  2. 

Costa  vanishing  or  barely  excurrent,  margin  strong- 
ly revolute B.  laciistrc.  8. 

[B.  Ilexnosuin  may  ))e  soui^ht  here.] 

O.    Dioieoua. 

Endostonie  adherent  to  i>eristome,  cilia  0    .        .        .  B.  floxiiosiim.  9. 

Endostome  free,  cilia  single B.  (■Mliforniouni,  34. 

g  n.    Eubrjrum. 

A.  Sipioicons. 

Costa  not  excurrent B.  Oroganuiu,  18. 

Costa  excurrent  into  a  smooth  point. 

Margins  recurved B.  torqiiescens,  16. 

Margins  plane B.  inicroHtegiuin  B.  &  S.  -. 

Costa  excurrent  into  a  aen-ate  point. 
J^eaves  short  iK)inted,  decurrent 

With  a  broad  l>order B.  hi  mum,  14. 

Without  a  lx)rder B.  Idnchocdiilon,  15. 

Leaves  long-cuspidate,  not  decurrent. 

Not  bordi^reil,  entire B.  iiitfrnHMliiim,  12. 

Not  bordered,  sor rate  lit  apex     ....  B.  provincialo,  17. 

B^)rd('n.»d B.  cirrliatuni.  13. 

B.  Aufoicon.s. 

Capsule  horizf^ntal  or  nodding,  loaf  margins  rt'volute    .     B.  pallescens,  19. 
Capsuhf  ix'iiiliilous,  leiif  margins  plane      .         .        .     B.  >uln*o1iindum,  20. 

C.    Dioivous. 

1.     CoMa  not  e.,i\\nrvcnt^  or  when  c.vo.urrt'nt  formiwj  a  short  [toint  only, 

a.     Ij-'o  ve.s  oht  nne. 

Distant,  broadly  ovale  or  oblong,  rounded  .     B.  <\vrlophy]linn,  35. 

Imbricate,  narrower. 

Dull  olive  green,  margins  strongly  revolute       .         B.  Mulilenhockii,  26. 
Yellowish-green  or  purplish,  tips  of  branches  crimsoned. 
Cells  i>olygonal,  thick- walled        ....  B.  niin latum,  27. 

Cells  rhombic,  subiiuadrate  below    .        .        .        .     B.  At  water  i»,  28. 

1  JMiililM^rt:  liecne  Jin/.,  1KH7,  55. 

a  RenauM  ami  Canlot:  Jlot.  (Jaz.  xiv  (1881)),  99. 
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b.    Leaves  pointed,  casta  percurrent  nr  ejccurrent, 
L    Capsule  short  (1:2)  abrupt  at  base    .  .   B.  atro]Hir|>iireiiiii,  22. 

ii.    Capsule  longei^  {1:'^  +  )  tapeHng  at  base. 
*  Blood  red  to  dark  purple. 

Plant  short  (5-15  mm.)  in  small  lax  yellowish-green 
tufts B.  orythrocarpiim,  21. 

Plants  longer  (3-5  cm.)  in  large  com^wict  shining  red  or 
purplish  tufts B.  alpiniiiii,  25. 

*  *  Yelloicish  brown. 

Slightly  incurved. 

Constricted  helow  mouth B.  lucosioides  ^ 

Not  constricted B.  pallens,  30  . 

Symmetric. 
Strongly  constricted  below  mouth. 

Stems  about  1  cm.  high B.  tarbinatuiii.  39. 

Stems  4—10  cm.  high.  B.  Sehlcicheri,  40. 

Slightly  constricted  below  mouth. 

Leaf  margins  plane B.  Sftwyeri  *. 

Leaf  margin  revolute. 

Quite  entire B.  aciitiuseulnm '. 

Serrate  at  apex B.  pseiidotriqiietrnm,  38. 

e.    Leaves  pointed,  casta  vanishing. 

Leaves  closely  appressed,  imbricate         ...  B.  argent eiim,  29. 

Leaves  spreading,  imbricate B.  caplllaro,  31. 

Leaves  spreading,  distant B.  Diivalii,  37. 


2.   Costa  ejccui'retit,  leavers  long-ciispidate. 

a.    Capside  short  (1;  2  or  le^s.) 

Ck>nstricted  between  sporangium  and  collum  B.  versicolor,  24. 

Not  constricted  between  sporangium  and  collum  B.  coronatum,  23. 


»  Klndberg:  Bull.  Torr.  Bot.  Cluh,  xvi  (1889),  95. 
«  Renauld  and  Cardot:  Bot.  Oaz.,  xiv  tl889),  95. 
»  MUller:  Flora,  1887,  230. 
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b.  Capsule  longer  (I:  8  -|-) 

i.  Collum  long  {h  sporangium  or  more). 

Leaves  strougly  twisted  when  dry,  abruptly  jioiiited       .     IJ.  eapillare,  31. 

Leaves  erect  and  straight  wlien  dry. 

Collum  equalling  six)raugium  ....        II.  obconicum,  33. 

Collum  one-half  the  sporangium. 

Cai>sule  con8trictA?d  below  the  mouth  .  B,  ca'spitlcium,  30. 

Capsule  not  constrict^l        ....  B.  VaiicMuivoriense, '. 

ii.  Collum  short  (i  sporaugitim  orlefM).  B.  occidontale,  33. 

jillL  Rhodobryum. 

Costa  percurrent  or  vanishing,   margins  revolut<?  lx»low, 

collum  short B.  roseiini,  41. 

Costa  excurrent,  margins  revolute  5  to  if,  coHum  ^sporang- 
ium, curved    B.  Oiit^ricnsiC  *. 

5J IV.    Anomobryum. 

Costa  sub-excurrent B.  eouciiiiiatum,  48. 

Costa  vanishing  below  ai>ex B.  bull  at  11m '. 

Bnjum  hi/ih'0/)lii/Uuiii  Kindbi^r^: '  is  a  species  **  closely  allied  to  B.  pseudo- 
triquetruui."  but  S(.)  im]>erfe(.'tly  known  (neither  ilowers  nor  capsule  hav- 
ing been  found),  iinti  so  briefly  characterized  that  I  am  unable  to  assign 
it  to  any  place  in  the  key. 

ZIERIA,  p.  240. 

Costa  vanishing,  collum  twice  sj)orangiuui        .         .        .        Z.  juhicea,  1. 
Costa  excurrent.  collum  —  sj)orangium  ...  Z.  demissa,  2. 

MNIUM,  p.  241. 
I.     Leaves  serrate. 

A.     Teeth  of  leai^rs  single. 
Stems  dendroid )L  Xenziosii,  21. 


»Kin«lU'r^:  Hull.  Ton:  Hot.  Clnh.  xvi  (1S89).  Uf>. 
«  KimllHTK':  Ottaint  X<it.  ii  (.1S89.),  155  iiiul  1.  e..  p.  9C. 
«  MiilUT:  Flora  1S87,  !«1. 
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Stems  simple  or  branclied,  not  dendroid. 
Basilar  branches  stoloniform. 
Leaves  acuminate,  serrate  to  middle,  lid  convex  or 

mamillate,  membrane  of  endoetome  lacunose  M.  cuspidatnm,  1. 
Leaves  acuminate,  serrate  to  base. 

Lid  apiculate M.  medinm,  4. 

Lid  mammiform M.  affine,  7. 

Leaves  rounded  at  apex,  mucronate,  lid  rostrate    .     M.  rostratiim,  6. 
Basilar  branches  erect,  or  stems  simple. 
Capsule  warty-papillose  at  base        .        .        .        .      M.  vonnstum,  3. 
Capsule  smooth  at  base. 

Perichaetial  leaves  entire M.  Nevil,  3. 

Perichfletial  leaves  toothed. 

Leaves  nearly  entire,  not  decurrent       M.  afflne,  var.  rugicam,  7. 

Leaves  serrate  to  base,  long  decurrent  .  M.  insi^ne,  d. 

Leaves  serrate  above,  entire  below. 

Border  distinct,  yellowish  brown  M.  Dnimmondii,  5. 

Border  0  or  faint  M.  steilare,  16. 

B.    Teeth  of  leiives  in  pairs. 

Costa  vanishing  just  below  apex M.  horuum,  9. 

Costa  percurrent. 
Capsules  solitary. 

Synoicous M.  sorratam,  10. 

Dioicous. 
Leaf-cells  small,  about  15  /^  >  M.  orthorrhyiichuni,  11. 

Leaf-cells  larger  (20-30;/ ?)»  .        M.  lycoiN>dioide8,  12. 

Leaf-cells  very  large  (50-60 >[/V)  8        .        .        .         M.  umbratile,  13. 
Capsules  clustered. 
Dioicous,  leaves  strongly  crispate,  capsule  horizontal  or 

inclined M.  splnosnm,  14. 

Synoicous,  leaves  not  crisimte,  cai>sule  pendent        M.  spiniilosum,  15. 

II.    Leaves  entire. 


Upper  leaf-cells  with  long  diameters  oblique  to  costa. 
Leaves  bordered . 
Costate  to  apex,  dioicous,  capsule  oblong       .  M.  piinctatum,  18. 

Costa  vanishing,  synoicous,  capsule  subglobose     M.  sabglobosnni,  19. 

>  Fide  Hiisnot:  Mtuic.  G<UL  255. 

»  **  Cellules  im  peu  plus  {^'andes,"  HuSDOt:  op.  ci7.,  256.  M.  riparium  Mitt.  (M.  lyco- 
padioidea  Bry-  B"-,  »ec.  Mitten;  M.  serratum  var.  riparium,  tec.  Husnot,  /.  c.)  has  cells 
half  aa  large  as  M.  umbratile  Mitt.,  fide  Mitten:    Jour.  Linn.  Soc.  viii  (lSK)y  dO. 

*  Oella  four  times  as  large  as  M.  orthorrhynchum,  fide  Mitten,  I.  c. 
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Leaves  not  bordered,  costa  vanishing,  dioicous,  capsule 

ovate-oblong M.  ciiielidioidcs,  17. 

Upper  leaf-cells  isodiametric,  costa  vanishing     X.^hyinoiiophylloides,  30. 

OINOIilDIUM,  p.  249. 

Leaf  margin  of  4-.")  rows  of  colls,  laniinal  cells  irregularly 

disiK)sed i\  styginm,  1. 

Leaf  margin. of  2  rows  of  red  cells,  laminal  cells  in  rows 

oblique  to  costa (\  siibrotuiidiim,  2. 

AULAOOMNIUM,  p.  252. 

Leaves  coarsely  serrate  to  midtUe,  autoicous  A.  heterosticlinin,  5. 

Leaves  serrulate  near  ai)ex,  acute  or  acuminate,  dioicous. 
Stem  leaves  long  acuminate,  very  roughly  papillo.se      A.  piipilloHuni,  4. 
Stem  leaves  acute. 
Stems  commonly  ])rolonged  and  gemmiferous,  male 

flowers  terminal,  gemmiform        .  A.  aiidro^ynnin,  1. 
Stems  not  commonly  gemmiferous,  male  flowers  dis- 
coid         A.  palustre,  2. 

Leaves  entire,  obtuse  A.  tiirgi<luiii*  3. 

[The  leaves  of  A.  palii.Htre  nre  entin*  \vh»»n  young,  but  soon  In'oomr  eroso  crenulate.] 

TIMMIA,  p.  264. 

Cai>sule  irregularly  plicatf  wlioii  dry,  segm«^nts  appondicu- 

lato T.  >Tegapo1itaiia,  1. 

Capsule  costate  at   luoutli   when  dry,  ^segInolJts  not   ap- 

j>en(liculate T.  Anstriaca,  3. 

ATRIOHUM,  p.  255. 

Costa  lainellose  on  upper  ^side  only. 

Ijamelbi'  *2-C,  (rntin\  lamina  with  teeth  on  surface.' 
Ij;jmell;i^  i-Vt  cells  liigli. 

Leaves  acute,  serrate  for  ii  length  .  A.  undulatuiu,  1. 

Leaves  bluntisli.  serrate  alxjve  middle  onlv. 

Teeth  double,  aculeate  V.  iiiigiistalinii,  2. 

Teeth  single,  short  A.  xaiithopeliua.  4. 

Lamelhe  9-1 JJ  cells  high V.  Selwyui,  3. 

Ljimelhe  4-S,  serrate A.  Loscurii,  5. 

LamelUe  1-3,  1-3  cells  high,  lamina  sm<H)th         .  A.  crispniu,  6. 

■Costa  lamellose  on   lx)th  sides,  lamina  with  longitudinal 

rows  of  teeth  on  back A.  parallolum,  7. 

1  Excluding  A.  xaiithoi^hna  r 
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OlilGOTRIOHUM,  p.  258. 

Lamina  and  costa  lamellose  on  both  surfaces  ...      0.  aligeram,  1, 
Coeta  only  lamellose  on  upper  surface       ....        0.  Lyallli,  2. 


POGMDNATUM,  p.  260. 
L    Plants  simple,  mostly  short,  leaves  straight  when  dry. 

[P.  alplnniu.  rar.  simplex  will  be  soiiiclit  liere.] 

Lamellse  witli  marginal  cells  smooth. 

Leaves  entire P.  brachyphylliim,  2. 

Leaves  serrate P.  brevicaulo,  1. 

Lam<^llaB  with  marginal  cells  papillose. 
Teeth  of  leaves  very  long,  often  retlexed,  marginal  cells 

of  lamella)  sulxiuadrate P.  dentatum,  4. 

Teeth  moderate,  2  rows  of  marginal  cells   of  lamellae 

transversely  rectangular P.  capillare,  3, 

n.    Plants  large  (4-15  cm.),  leaves  twisted  when  dry. 

Leaves  very  long  (l.r)-2  cm.)  short  sheathing,   lamellao 

about  GO P.   Macoanll.^ 

Leaves  less  than  1  cm.,  short  sheathing,  lamelhe  about 

30(?)',  strongly  contorted  when  dry    ...        P.  contortnm,  5. 

Leaves    and    lamellsB    as  in  5  (?)  subcrispate,  abruptly 

pointed P.  atrovirons,  6. 

m.    Plants  usually  robust  (4-15  cm.),  rarely  small,  often  miidi  branched 

above,  leaves  straight  when  dry. 

Capsule  papillose,  marginal  cells  of  lamelUe  round  in  sec- 
tion        P.  uruigeram,  7, 

Capsule  smooth,  marginal  cells  of  lamellas  ovate  in  section    P.  alpinum,  8. 

POLYTRIOHUM,  p.  263. 

Leaves  entire,  margins  inliexed. 
Obtuse  at  apex P.  sexangulare,'  Florke. 


-r- 


»  Kindberg:  Polytrlohuin  cPogonatum)  Macounil:  Bull.  Torr.  Bot.  Club  xvl  (1889>,  96. 
*  As  shown  in  SitlL  Icon.  Miuic.  SuppL,  pi.  42,  ff.  5,  6. 

'Kindberg:  Bull.   Torr.  Bot.  Club  xvi.  (1889), 90;   Renauld  &   Cardot:  Bot.  Gaz.,  xlv. 
(1889)  99. 
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Aristate  at  apex. 
Awn  colored,  short. 
Leaves  spreading  when  moist,  subrecurved  P.  Jiinlperinnm,  4. 

Leaves  erect-open,  strict        .        ,        .        .        .         P.  strict  am,  5. 

Awn  hyaline,  long P.  piliferam,  8. 

Leaves  serrate. 
Marginal  cells  of  lamelhe  like  rest,  oval,  higher  than 
broad  in  section. 
Capsule  ovate,  obscurely  angled,  lid  rostrate        .        .      P.  gracile,  1. 
Capsule  oblong,  4-8  angled,  lid  acutely  conic        .        P.  formosum,  2. 
Marginal  cells  of  lamelln*  enlarged,   broader  than  high 

(2: 1) P.  Ohioensc.' 

Marginal  cells  of  lamellaei  semilunar,   with  two  promi- 
nent papillae  at  comers P.  eonimnne,  6. 


FONTINAT.TS,  p.  268. 

L    Perichwtial  leaves  abruptly  pointed,  entire.^ 

Leaves  decurrent,  teeth  not  lacunose        .        .        .    F.  Nco-MexIcAna,  3. 
Leaves  not  decurrent,  teeth  lacunose       .        .        .      F.  Dalecarlica,  4. 

n.    Pericha*tial  leaves  rounded-obtuse,  entire  orlaeei*ate. 
A.    Leaves  of  branches  indike  stem  leaves       ...         F.  Howellii.' 

B.    Le<fVi's  honKpmorjfhous.* 
1 .    Leaf -cells  long-linear  (1:10  +). 

Alar  cells  very  large. 

Leaves  acute F.  Sullivautii,  8. 

Leaves  with  very  apex  blunt  or  denticulate        .        .        .      F.  flaocida.' 

1  RenauUl  &.  Canlot:  Revue  Itrifol.  I8a'>,  11:  also  Bot.  (iaz.,  xiii.  (IfiSH),  100,  pi.  XVII. 

2  The  fruit  of  F.  Coli/ornicn  and  F.  jiaccidn  has  not  yet  been  found.  The  latter  will 
possibly  fall  here.  Mtillerhas  also  desicribed  inii>erfectly  a  sterile  sp«»cies,  F.  marifima, 
from  Neah  Bay.  Wash.  It  is  distin/^uiHlietl  at  onee,  he  says  by  the  rigid  branches  and 
deeply  carlnate-canaliculat<»  leaven.  Ilavinp:  seen  neither  siMjciniens  nor  flpures  I  am  im- 
able  to  place  it  properly  in  the  key. 

»Renauld  &  Cardot:  Bot.  Gaz.,  xili  (1888),  300,  pi.  XVIII. 

<Iu  F.  &iYor;/iM  the  summer  leaves  are  unlike  the  vernal,  so  that  specimens  collect4Ml 
Just  as  the  vernal  are  falling-  might  deceive. 
*  Renauld  &  Cardot:  1.  c,  p.  201,  pi.  XIX. 


iTV 
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Alar  cells  moderately  enlarged. 
Capsule  ovate  to  oblong. 

Leaves  crowded F.  Delamaroi.* 

Leaves  loose  or  scattered. 
PerichsBtial  leaves  lacerate         .        .        .        .        F.  hypnoides,  11. 
Pericheetial  leaves  entire,  undulate  at  tip  .    F.  Lescnrii,  7. 

Capsule  cylindrical. 

1:4,  endostome  perfect F.  distlcha,  10. 

1:5.5,  endostome  imperfect F.  flliformls,  0. 

2.    Leaf -cells  rhombic-hexagonal  (1 : 6  or  less.) 

Plants  shining  with  golden  or  coppery  luster. 
Stems  robust,  little  branched  F.  autipyretica  var.  gigantea,  la. 

Stems  soft,  much  branched F.  Galifornica,  2. 

Plants  dull,  yellowish  to  dirty  green. 
Leaves  with  one  edge  reilexed  near  base  F.  antipyretiea,  1. 

Leaves  with  margin  plane. 
Female  flowers  abundant,  in  most  leaf  axils       .     F.  MoYie-Anglife,  6. 
Female  flowers  rare,  at  base  of  stems       .        .        .       F.  biformis,  5. 

DIOHBLYMA,  p.  272. 

Costa  percurrent  or  vanishing. 

Capsule  exceeding  perichflBtium D.  falcatum,  1. 

Capsule  not  exceeding  perichaetium. 

Seta  longer  than  capsule D.  palleseeus,  4. 

Seta  shorter  tlian  capsule D.  snbnlatam,  5. 

[Capsule  unknown] D.  Swartzii,  7. 

Costa  excurrent.' 

Endostome  a  cancellate  cone. 
Seta  about  1  cm.  long,  capsule  oval       .        .        .        D.  uucinatum,  2. 
Seta  2 — 2.5  cm.  long,  capsule  cylindric       .         D.  cyllndriearpnm,  6. 
Endostome  of  appendiculate  cilia,  united  only  at  the 

tips D.  capillaeeam,  3. 


ORYPHiBA,  p.  275. 

Costa  percurrent  or  excurrent. 

Perichsatial  leaves  costate G.  nerrosa,  8. 

Perichaetial  leaves  ecostate C.  innndata,  5. 

»  Renauld  &  Cardot:  Bot.  Gaz.  xiv  (1889),  96,  pi.  XIV. 

*Here  belongs  aRterile  species,  D.  longinerve  of  Kindherg  QBuU.  Torr,  Bot.  Club  xvi 
08^)«  ^t  which  has  the  basal  cells  of  leaves  '*  numerous,  in  4-6  rows,  subquadrate,  the  alar 
greater,  pellucid.**  lie  is  not  sure  whether  It  is  a  Dichelymaor  a  Hypnum  C$  Harpidium) ! 
In  which  case  it  would  better  have  been  left  undescribed : 
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Costa  vanishing  near  middle. 
Costa  of  perichiBtial  leaves  excurrent  into  a  thick  point  C.  grlomerata,  1. 
Costa  of  pericha3tial  leaves  vanishing  in  or  below  apex  .    C.  peudiila,  2. 
Costa  of  perichaetial  leaves  vanishing  far  below  apex   .    C.  Baveuelii,  4. 

LBPTODON,  p.  278. 

Leaves  eco8tate. 

I/eaf  cells  not  pitted,  capsule  2  mm.  long    .  L.  trlchomltrloii,  1. 

Leaf  cells  pitted,  cai>sul(i  1  mm.  long     .        .        .        L.  Floridauus,  la. 
Leaves  costate. 

Leaf  cells  round-oval,  capsule  exsorted,  oblong-oval    .     L.  Ohioensls,  3. 

Leaf  cells  narrowly  rhomboidal,  capsule  immersed,  sub- 
glolx>se L.  nitldiis,  8. 

ALSIA,  p.  279. 

Annulus  0. 

Costa  vanishing  at  middle  (smooth?),  margins  reflexed  A.  Califoriiiea,  1. 

Costa  vauis]iin£:  near  apex,  dentate  on  back,  margins 

plane A.  loiiuripes,  3. 

Annulus  compound,  re  voluble,  leaves  i>apillose  at  back      .     A.  abietina,  2. 

NEOKBRA,  p.  281. 

Leaves  verv  o))tuse 
Plants  slender  (shodls  2  mm.  wide),  leaves   looselv   iiii- 

bricate,  rounded,  concave N.  distich  a,  1. 

Plants  r«)l)ust  (shu<jts  4   mm.  wide),  loaves  densely  im- 
bricate, truncate,  not  coneave N.  undulata,  2. 

Leaves  rounded,  abruptly  apiculate. 
Revolute  at  base  on  one  side,  eaj^sule  immersed         .         N.  3Ieiiziesii,  3. 

Not  revoluie.  cajjsule  exserted N.  (Munplanata,  7. 

Leaves  ac.'Ule  or  acuminate. 
Eeostate  or  nearlv  so. 
Capsule  immersed  or  half  oxserted. 

Shoots  obtuse N.  ]»oiiiiiita,  4. 

Shoots  attenuate  to  apex. 
Segments  rudimentary,  capsule  immersetl      .        N.  oligorarpa,  5. 
Segments  as  long  as  teeth,  capsuh^  \  exserted     .      N.  Uouglasii.  0. 

Cai)sule  exserted N.  puiiiila,  8. 

Costate  to  the  middle  or  l)eyond. 
Margins  broadly  revolute         .        .        .        .        ,         N.  Ploridana,  9. 
Margins  not  revolute. 
Alar  cells  fawn-color,  costa  thin,  percurrent       .      N.  Ijuloviciip,  10. 
Alar  cells  opaque,  costa  vanishing    .        .        .        N.  cyiiibilolia,  IL 
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HOMATJA,  p.  286. 

Costa  vaniBhing  above  middle,  leaves  serrulate. 

Leaves  oblong,  subfalcate,  apiculate  H.  trichomauoides,  1. 

Leaves  Ungulate,  subfalcate,  apiculate        ...  H.  Jamesii,  3. 
Costa  sometimes  hardly  perceptible,  leaves  obovate,  ob- 
tuse, serrulate H.  obtusata,  3. 

Costa  double,  very  short,  or  none,  leaves  entire     .        .  H.  gracilis,  4. 

MBTEORIUM,  p.  286. 

Leaves  serrulate M.  pcndulam,  1. 

Leaves  minutely  crenulate M.  uigroscens,  3. 

LBUOODON,  p. '287. 

Capsule  exserted. 

Leaves  entire,  open-erect,  lid  exactly  conic  .        Ju  sciuroides,  1. 

Leaves  serrulate  at  ai>ex,  Si^uarrose,  lid  obliquely  ros- 
trate   L.  jnlaceus,  2. 

Capsule  surpassed  by  perichivtial  leaves,  leaves  secund       L.  brachjpus,  3. 

PTBROCKDNIUM,  p.  289. 

Leaves  broadly  oblong-ovate  or  -obovate,  acute,  smooth  P.  graclle,  1. 
Leaves  broadly  deltoid-ovate,  narrowly  acuminate,  papil- 
lose           P.  brachyptcruin,  2. 

ANTITRIOHLA,  p.  290. 

Capsule  oval  (1:2 — 2.5),  leaf  cells  fusiform      .  A.  cnrtipendnla,  1. 

Capsule  cylindric  (1 : 6),  leaf  cells  oval         .        .        .        A.  Californica,  2. 

HOOKEBIA,  p.  292. 

Leaves  bicostate  to  middle  (not  papillose?)        .        .        .        H.  varians,  1. 

Leaves  bicostate  to  apex,  papillose H.  crnceana,  2. 

Leaves  ecostate,  entire  (not  papillose?)*  .        .        .        .    H.  Sullivantii,  3. 

PABRONIA,  p.  294. 

Leaves  ciliate-dentate. 
Peristome  of  10  teeth,  costa  0  or  very  short    .        .        •  ,    F.  pnsilla,  1- 
Peristome  0,  leaves  costate  to  middle  .        .  F.  gymnostoiiia,  2. 

Peristome  of  8  geminate  teeth,  leaves  costate  nearly  to 

middle F.  octoblepharis,  3. 

5 — A.  &  L. 
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Leaves  serrate  to  subeutlre. 
Sharply  serrate,  teeth  orange,  spores  about  11  //         .         F.  Wrlgrhtli,  4. 
Obrjcurely  serrate,  teeth  brown,  spores  about  17  //  F.  Ravenelii,  5. 

Obscurely  serrate,  teeth  with  prominent  articulations  on 

back F.  Doiiuellii,  6. 


THELIA,  p.  298. 

PapillsD  of  leaves  simple. 

Horn  sha|)ed,  curved T.  hi  rt  ell  a,  1. 

Globose T.  robiista,  3. 

Papilko  2 — 4- furcate. 

Usually  bi- furcate,  teetli  1:17 — 20          ....  T.  nsprella,  2. 

Usually  4-furcate,  teeth  1:13 T.  Lessen rii,  4. 

MYURELLA.  p.  300. 

Leaves  serrulate,  obtuse  (rarely  short  ajnculate)  .        M.  julaeea,  1- 

Leaves  serrulate,  abruptly  apiculate-acuminate    .  M.  apirulata,  2.     . 

Leaves  spinulose-dentate,  abruptly  long  acuminate         .     M.  Careyana,  3. 

LESKEA,  p.  302. 
I.     Costa  reacliing  to  or  heytmd  the  middle. 

Percurrent li.  nervosa,  3. 

Not  percurrent. 
Leaves  entire. 

Endostome  divided  into  segments. 
Cleft  between  articulations,  leaves  blunt ish     .        .         L.  obsnira,  2. 

Not  cleft,  leaves  acute L.  liolyoarpa.  1. 

Endostome  a  short  undivided  membrane    .        .        .         L.  Aiistini,  0. 
Leaves  rrenulate L.  tristis,  r>. 

n.     Casta  very  short  or  none. 

Leaf  colls  linear-oblong  .  .  .  .  '  .  L.  deiiticnlata.  4. 
Li^af  cells  rhombic. 

Leaves  of  primary  stems  acute L.  piilvinata.  7. 

Leaves  of  primary  stems  long  acuminate        .         .  .         L.  WoIIel,  S. 

Leaf  cells  round  oval h.  nigrescens  '. 

ANOMODON,  p.  304. 
Leaves  nut  ]»apillose V.  Toe<*oa\  '5. 

>  Kin«lb.'r«:  (tttaini  ynt.  ii  «rvH).  i:)5,  and  Ilnll.  Tfvr.  Hot.  Cl"^'  -wi  d"^'.)'.  'J^. 
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Leaves  papillose. 
Base  with  large  fimbriate-papillose  auricles. 
Margins  reflexed  near  apex,  rejjlicate  below  middle    A.  Californicas,  7.- 

Margins  not  at  all  reflexed A.  aplenlatu»,  4. 

Base  not  auriculate. 

Leaves  filiform-acuminate A.  rostral  us,  1. 

Leaves  obtuse  or  apiculatc. 

Branches  attenuate A.  attennntus,  2. 

Branches  not  attenuate. 
Leaves  open-erect,  teeth  nodose    .  A.  <»btuslfoliii^.  3. 

Leaves  secund,  to(Hh  not  nodose     .        .        .        A.  vitieulosus,  5. 


PYLAISiEA,  p.  308. 

Segments  free,  split  below,  leaves  quite  entire. 

Plants  glossy  green P.  [ml  y  an  111  a.  1. 

Plants  i)ale  yellowish  green P.  heteromalla,  2. 

Segments  free,  split  throughout,  leaves  serrulate  at  apex, 

P.  itnhdontieulata,  3. 
Segments  |-a(Uierent  to  teeth,  spores  19 — 20  //. 

Leaves  long-acuminate,  margin  not  recurved     .        .        P.  iiitricata,  4. 

Leaves  short-acuminate,  one  or  both  edges  recurved     .        P.  Solwyni,^ 
Segments  wholly  adherent,  spores  28  //    .  .        P.  relntiiia,  5. 


HOMALOTHEOIUM.'  p.  309. 

Costa  short,  simple  or  forking,  vanishing  below  middle. 

Teeth  red,  operculum  rostrate    .        .        .        .        H.  snhcapillatuni,  1. 

Teeth  yellow,  operculum  short  apiculate  .        .        .        H.  cortlcolnni,'. 
Costa  narrow,  vanishing  in  point        .        .        .        H.  psendosericeuin,  2. 


OYLINDROTHEOIUM,  p.  310. 

Capsules  clustered  (3  or  4) (\  Floridaiinm,  4. 

Capsules  solitary. 

Plants  densely  pinnately  l>ranched,  leaves  muticous      C  conriiinnm,  8. 

Plants  loosely  pinnately  branched,  leaves  pointed. 
Gradually  narrowly  acuminate      ....('.  brevisotiiiu,  3. 


iKlndberg:  Ottatra  Xatumlistii  {imt),  156. 

*Renauld  &  Cardot  refer  llypnnm  Sevmlcnse  (30)  to  tnis  geniis.  Hot.  Goz.  xiii  (1K88)  902. 

<  Klndberg:    1.  c. 
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Acute  or  abruptly  acuminate-apiculate. 
AlmoHt  eutire,  only  alar  celU  quadrate  or  rectangular. 
Leaves  ocuminate-npiculate,   teeth  witli   14  — 17 

articulationa,  capsule  1:3.5— 4      .  C.  cUdorrhlmiU,  1. 

Leaves  abruptly  Hhort  apiculate,  teeth  with  0 — 0 

articulatiuns,  capsule  1:5— 6.5      .  .       (?.  Mdnctrlx,  3. 

Leaves  DOt  apiculate,  teeth  with  S3  —  26  articula- 
tion's, tvpaule  1:  2. S— 8       ....        r.  comprMsnm,  5. 
Distinctly  serrulate,  all  basal  cells  rcctoufnilar. 
,     AnnuluB  0,  teetli  obliijuelv  striolate        .  C.  I>rnininoDdll.  6. 

AnnuluB  large,  teeth  vertically  striolate         .        C.  Salllvantil,  7. 

OLIMAOIUM,  p.  313. 

Capsule  strwglit,  lid  rostrate. 
Ovate-oblong  (1:  8..~i  —  3),  leaves  plightly^decurrent  am) 

bollowed  nt  Itasal  angles C.  dondrnides,  1. 

Cylindriu  (1:  3^6),  leaves  long  decum>nt  and  broadly 

Auriiiiilnte c.  Amoricannm.  2. 

-Capsule  an-nate.  lid  couic ('.  Ruthctilcnm,  3, 


OKTHOTHBCIUM.  p-  315. 

IieavpB  luiii-«)late,  long  an-l  narrowly  aniiniitiat>>  .  ,  0.  riifi'-icpns.  1, 
I^eaves  Pxm-Uy  ovate,  a\n*x  fli-THcnw.  not  |ilicat(>  .  ,  0.  rubollum.  3. 
Leaves  liiiict.>'ilnt«  to  ovate  111 nt'onliitP.  plieatf,  not  at'uini- 

nato 0.  obrj'sonm,  3. 

HYPNTTM,  p.  316.' 
I.    I^nii's  xprriidiag, 

A.     Li'ii/tvllH  ahwrl  {l:S  or  It-nx.) 
a.    I'lii-iipliijllia  pffni'iil. 


I.  ComI'i  otmMe 


H.  diiiiitr|>hnni,  4. 


it.  B*.  a3,  31.  n  I.  IIW.  ]U1  aiKl  HIS.  nr.'  nnt  [nulurl'-l  in  tliiH  key.  No.  3  Is  not 
nil.  Ihn  locality  cil«l  liy  Si'liliii|ii>r  binni;  Yurk  (Kni-.),  not  .Vfir  Ytn-k.  fUf, 
'(■■.  IM.  xivU  (li"!n,  IMi.  Tlii;  iwiiininil.T  nrv  c-liaraciiTii-Ti  Ijy  LH<iiiennix 
if  iinri>rlalDn>biti'HisIii|iur  iiuniDldiiitly  kimun.  Xu.  mhoA  bn>D  ilwlared 
n.l  <.!arjcii  .  H„t.  Hi,-.  Kill  ( iMit,  SB,,  Ui  lie  a  Iluiiiiilolhei'Jum.  hiit  [4  null 
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II.  Costa  strong. 
«  Capsule  oval  or  oblong^  operculum  convex-conic. 

Leaves  entire H.  atrorlreus,  1. 

Leaves  serrulate  at  a])ex H.  radicosnm,  3. 

«  ♦  Cajwtlc    cylhidriCf  or  if  oval-oblong  then  ojyercuhnn  long-rostrate 

(excl.  H.  gracile.) 

-*-  Plants  small  {to  5  cm.)  delicate^  creeping^  1 — 2'pinnate. 

•*-*■  Costa  of  stem  leaves  with  (J  leaf -base.) 

Stems  papillose H.  py^nia^iiu,  7. 

Stems  radiculose-t 0111  en tose II.  iiiiiintiiliiin,  6. 

■«-+  ■«"♦■  Costa  of  stem-leaves  half  as  wide. 

Stem-leaves  with  lonj;  pellucid  point,  cilia  0      .        .        .      H.  eroetiiin,  9, 

Stem-leaves  short  acuminate,  cUia  2 II.  scitum,  8. 

Stem-leaves  long  acuminate,  cilia  3  .        .  .       H.  i^rraeile,  10. 

Stem-leaves  long  acuminate,  cilia  1        .        .        .  II.  calyptratiini,  11. 

-•-  -^  Plants  large  {to  10  em.),  creeping y  2—S-pinnate,  forming  e.ctensii^ 

flat  mats. 

Pericha'tial  leaves  long  ciliate  below. 

Apical  cells  of  branch-leaves  not  papillose,  ovate,  pro- 
jecting        H.  tamariscinnm,  12. 

Apical  cells  of  branch-leaves  oblong,with  2—3  papillie  H.  del  leal  iilum,  14. 
Pericluetial  leaves  not  ciliate,  apical  cells  of  branch  leaves 

round II.  recogiiitiim,  18. 

H-  -»-  -•-  Plants  large  {to  10  cm.),  erects  l-j)m?/«fe,  in  icide  tufts. 

Capsule  narrowly  cylindric  (1:5— 6)      ....       H.  abietiuuni,  15. 
Capsule  oblong-cylindric  (1:3)  H.  lUaiuloYii,  16. 

b.     Paraph  yllia  0. 
Seta  smooth. 

Plants  in  large  mats,  leaves  serrulate  at  apex,  costate 

to  middle H.  Breweriaiinni,  06 

Plants  minute,  leaves  serrulate  all  round,  costate  to 

apex II.  leiu'oiieiiniin,  19. 

Seta  rough. 
Stem  leaves  with  hyaline  piliferous  point        .        .       II.  ramiilosnm,  21. 
Stem  leaves  not  hyaline  pointed. 
Perichajtial  leaves  costate        ....       II.  Whippleaiiuin,  20. 
Perichietial  leaves  ecostate. 

Bright  green,  leaves  open,  loosely  imbricate    .       II.  laxifoHiim,  23. 
Dirty  or  yellowish  green,  leaves  sub-falcnte  secund, 
closely  imbricate H.  crispi  foil  urn,  23, 
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2.    Leaves  not  papulose, 

a.    Shortly  hicostate. 

Stoin-leoves  liliform-poiuted H.  prociirrens,  5. 

Stem-lea ve3  not  liliform-i>ointed. 

Obscurely  denticulate  at  ai)ex  .  H.  leiicocladiiliiiiu  2o. 

Distinctly  denticulate  all  around      .        .        .         H.  coiiii>res!$iiliiiii,  26. 

b.  Unicostate  or  ccostate. 

i.  Paraphyllia  numerous,  ciliate         .        .        .        .       H.  paludusuiu.  2-1. 

ii.  ParaphyUia  0. 

*  Lea  res  ctmvady  serrate^  2^tants  dendroid. 

Branch  leaves  apparently  2-ranked,  coiuplanate         .        II.  Ui^'olovii,  07. 
Branch  leaves  equally  spreadin<;. 
Pericluetial  leaves  reflexed,  dioicous. 
Cilia  of  endostome  equallinjj  teeth       ....         II.  Leiberg^iP. 

Cilia  short H.  ncckoruides,  1>C. 

Perichjetial  leaves  erect,  heteroicous      .        .  H.  Alleirhaiiionso,  95. 

*  *  Li.'fires  entire,  2)hints  crcejnng. 

-*-  Ecostdte  or  with  obscure  trrtcrs  of  a  ni^rre. 

Cilia  0. 

Cai)S»ile  const rirted  under  mouth  when  dry        .         .         II.  snblilo,  117. 
Capsule  not  constricted  .....  II.  S|)riu'ei,  110. 

Cilia  1  -2. 

Plants  niinut<\  filiforiLi. 
fA'avcs  ovate,  long  acuminate  .        .  H.  (M)aiVrvnide>,  118. 

lx\iv<s  loii?j:-lanc«*olate        ....  II.  iiiiiiulissiiiiiiin,  115. 

Plants  lai-g«\  hi  wiile  Hat  mats         ....  H.  adiiatiiiii,  1*^4. 

-^    -*-■  Cost  ate. 

-t-i-  Leans  hordcreil  with  1—5  rows  of  linear  ciUs       H.  Lescurii,  126. 

-r~¥  -^-i-  Leaves  not  hurderetL 

=  Plants  in  compart  tufts  2—3  cm.  drep  .        .         II.  com  pact  mn,  125. 

=  ^^=  Planfs  in  loose  mats  or  ffffts, 

•j  Costate  to  apex. 
Leaves  acnminate. 
Biusid  cells  mucli  enlarj^ed  .  ...         II.  Irrl^riiinn.  122. 

1  Rritton:  linU.  Ton:  lint.  Chib,  xvi  0^<'.)),  111. 
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Basal  cells  not  enlarged. 

Annulus  triple II.  radleale,  120. 

Annulus  simple H.  ortlioeladon,  121. 

Leaves  not  acuminate II.  fliiviallle,  123. 

■'  •,  CoHia  ceasing  above  the  middle. 

Cells  alike  throughout. 
Inner  perichivtial  leaves  with  a  short  (}  length)  iK>int. 
Caiwule  long  cylindric,  arcuate,  annulus  triple      .        H.  serpens  110. 
Capsule  oblong,  obli<iue,  annulus  simple        .        H.  Kochii  13r.  &  Sch.* 
Inner    perichiL»tial    leaves   subuliform-acuininate,   cells 

vermicular  H.  por|>hjrrhiziiiii  Liudb.' 

Cells  enlarged,  rectangular  at  Iwisal  angl«\s. 
Cilia  appendiculate.  ejjuaUing  segments  .        .        11.  ripariniu,  127. 

Cilia  rugulose,  shorter  than  segments  11.  vaeillans,  128. 


B.    Lt'fif  ct'Us  elongnfol  (1:.")  or  more), 
f  AiuliIysteKiiiiii  spp-  esiK*eially  1;J7,  13S  may  be  sou^lit  lirre.] 

1.    Leaves  costnte  half  mayor  morr. 

a.    Seta  rough. 
i .    Lea  rvs  i leeplif  pi iea  te  le ngth  wise. 

I  Brai'liytliorliiin  spp.  may  be  soii£:ht  her^  ] 

Plants  regularly  ])innate. 
Seta  scarcely  equalling  capsule  ....        H.  Nut  tall  ii,  20. 

SetA  longer  than  cai>sule. 
Pericha3tial  leaves  coarsely  sinuate-dentate,   cilia  0 

H.  Nevadenso,- 30. 
PerichjBtial  leaves  entire  or  serrulate. 
Stems  erect,  stout  (to  ir>  cm.)     ....     H.  iue;raptiliiin,  34. 
Stems  i)rostrate. 
Leaves  with  recur\-ed,  spinulose  teeth        .  H.  Iiaiiiatidcus,*. 

Leaves  serrulate. 
Capsule  oblong  ....  H.  pinnatiflduui.  81. 

Capsule  long  cylindric  ....  H.  Amesiie,  **. 

Plants  iiTegularly  branched. 
Leaves  ovate- lancet^late  (1:3)  cilia  3,  long  as  segments        H.    a^ne1lnu  28, 
Leaves  long-lanceolate  (1:5)  cilia  1  or  2,  long  or  short     H.  liitescons,  27. 

1  Renaiild  &  Cardot:  Hot.  Gnz.,  xiv  (1880),  99. 

*  Homalothechnn  Xeradenae  Ren.  &  Csivd.:  Bot.  (r'az.,  xiii  (18?8),  302. 

«  Kindborg:    /?it//.  Torr.  Hot.  Clnb,  xvi  (1889),  97. 

<  Reaauld  aud  Cardot:    Bot.  Gaz.,  xili  (1688),  202,  pi.  XX. 
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ii.    lA^aves  not  deeply  jjJicate. 

[Honmlotlieriniii  p*»pudo-»epIceuiu  iimy  bo  soiipfht  herv, ] 

»   Lid  convex-vontc  to  hntff-conh'  (rosfelhif*.'  iit  50). 

-•-  Leuf-v*.'lh    not   abruptly   pnlan/al   at    Ihihc,   rtp^wr   usually   dist 

oloiujattd  rhowhic. 


-»-H- 


Svta  smooth  tdtoiv,  roufjh  hcloir^  eapsuhi  subcrect. 


Capsuk' 1:1. r>,  ciliu  2,  equalling  twth  II.  Hillefmuuli 

Cajwiile  l:2.r».  cilia  nolitarv,  short,  or  none  .        .  II.  Fondlerl 

-»-► -!-»•  Scfa  smooth  Mou\  routjh  altftrr,   capsulr  ccrnnous  or  ai'cua 

Pericha»tial  leave-s  short -acuuiinato  ...         II.  pliimosuin 

Perichivtial  loaves  abru[)tly  louf?  til  if  orm-aciiminafo  H.  cam  post  re 

-^ -»■■•-»• -»-♦■  ,Srt(i   rotujh   throughout. 

=  CeJls  of  Ihisal  auijlcH  ttcariHy  difft  rrut. 

f  Leaves  scarct?lv  or  ahruntlv  aouiuinat<*,  dioicoiis. 

\  ' 

•  Loaves  verv  short  acuminate,  j^lossv.  not  doeun-ent  II.  riviilaro 

•  Leaves  slu>rt  acinninato,  brnadly  and    Innf?  (heiirront. 

11.  lalfroliiiiii.  T.ir 
'  Leaves  longer  aciiniinato,  not  j^lo.ssy.  dconrnMit     .     II.  N«»v;e-Aiiarlia 

,  Ijeav<»s  ;^aduany  ai'iiniinate.  aiitoicoiis. 

Slondcr,   Icavts   lanceolate   to  ovat<'-lancoolat«'.  ca]»sule 

rniistrictod  under  jnoulh  wlicn  dry        .         .         II.  x'liilinniii 
Stout,  leave.'^  ovale,  capMde  not  constrictt'il  .  II,  riilahiiliiiii 

^=^  ~—   dllfi  nf  luisnl  oni/lt'fi  dfsfint'ffff  qnndrntic. 

Leaves  lon;jf  acuminate,  costa  entiM'ini:;  jmint        .         .         II.  renexiini 
Leave'^  acuminate.  C(»sta  not  re;ii.-lnnK  point. 

Seta  lon^(lcm.  -h) II.  a^perriiiniii! 

Seta  sliorter  rl  em.  —  ). 
Setrments  s]>lit  IxHween  artieulatir)ns  .        .         II.  (nlipodiiin 

Se.«^nients  sjilit  their  \vhol««  len;^tli  ' 

Seta  an'uale  ai>ove II,   ltnlan«leri 

Seta  ahriiptly  hent  at  l)ase  of  capsule  .         .  II.  Starki 


»  n«'ii;uil<I  aiul  Cnnl.it:     Fl.  .V/7.    (\<>^^  M. 

'  Acoorilintr  to  An-^thi  //•>^  (in':.,U    (MrO».    I'W,  lli'»  ]>i''lii"f»|   m'   //.  hir.  ntn'smn  1 
Ol)K<.>U'trly  Kc'ibnms.  Mini  it  iiiif;lit  tln.*rofori' In*  soiivlit  hvvi\ 


TABLE  OF  CONTENTS  OF  VOLUME  VL 


TWELFTH  AlfNUAL  MEETING. 

Pages. 

Freedom  of  Will  Empirically  Considered,  by  John  Bascom 3-20 

The  Increase  of  Insanity,  by  A.  O.  Wright,  (2  papers) 20-28 

The  Primitive  Democracy  of  the  Germans,  by  Wm,  P.  Allen 28-42 

Notes  on  the  Dispersion  of  Drift  Copper,  by  R.  D,  Salisbary, 

(with  map). 12-50 

Od  the  Motor  GangUon  Cells  of  the  Frog's  Spinal  Cord,  by  K  A. 

BirKC,  (with  plates  I-H.) 51-82 

THIBTEENTH  ANNUAL  IIEETINO. 

Who  Built  the  Mounds,  by  R.  P.  Hoy 84-100 

Who  Made  the  Copper  Implements,  by  R.  P.  Hoy lOl-lOfi 

Preliminary  List  of  Wisconsin  Parasitic  Fungi,  by   William 

Trelease lOO-lM 

On  the  Present  State  of  Our  Knowledge  of  Stellar-Motion,  by 

Trumaim  Henry  SafTord 145-152 

FOURTEENTH   ANNUAL    UEETIKU. 

Ancient  Villages  among  Emblematic  Mounds,  by  8.  D.  Peet, 
(with  seven  full-page  figures) 154-lT(i 

Migration  and  Distribution  of  North  American  Birds  in  Brown 
and  Outagamie  counties,  by  S.  W.  Willard 177-19(1 

The  Variation  in  the  .attraction  due  to  the  Figure  of  the  At- 
tracting Bodies,  by  D.  P.  Blackstone,  (with  II  figures) 107-25i 

Genera  of  the  Family  Attida),  with  a  Partial  Sjmonomy,  by 
George  W.  and  £li7.abeth  G.  Peckham,  (with  inserted  tables 
I-I V.) 2.V>-;ti2 

Proceedings  of  the  Academy  since  December,  18S1 34.1-3r)i! 

Ust  of  Members a'>3-**>(l 


TABLE  OF  CONTENTS  TO  VOL.  VIL 


Pages. 
Attidic  of  North  America,  by  George  W.  and  Elizabeth  O.  Peck- 
ham  {with  Plates  L-Vl.) 1-101 

The  Morels  and  PufF-Balls  of  Madison,  bj  William  Trelease 

{with  Plates  Vn.-IX.) 105-130 

The  Workiaff  of  the  MadisoD  Lakes,  by  William  Trelease  {with 

Plate  X.) 121-129 

Village  Community  and  Serfdom  iu  England,  by  Wm.  P.  Allen..  130-140 

Town,  Township  and  'Hthing,  by  Wm.  P.  Allen 141-154 

Beptilia  and  Batrachia  of  Wisconsin,  by  W.  K.  Higley 155-176 

Baised  Beaches  of  Lake  Michigan,  by  Prank  Leverett 177-192 

On  the  Employment  of  the  Method  of  Least  Squares  in  the  Re- 
duction of  Transit  Observations,  by  T.  H.  Saflord. 193-204 

The  So-called  Elephant  Mound  in  Grant  County  and  Effigies  in 

the  Region  Surrounding  it,  by  S.  D.  Peet 205-220 

Spiders  of  the  Sub- Family  Lyssomaufe,  by  G.  W,  and  E.  G.  Peck- 
ham  and  Wm.  H.  Wheeler  (with  Plates  XI.  and  XU.) 323-256 

O.  il.  Conover,  by  Wm.  F.  Allen 257-258 

Proceedings  of  the  Academy  since  December,  1883 259-2C8 

List  of  Members 269-2T0 


^ 


Analytic  Keys  to  the  Species  of  Mosses.  73 

-•-  -*-  Leaf'CelU  abruptly  e^ilarged  at  base,  indi8tin<^tj  linear-venniciilar, 

Coeta  percurrent H.  populeiim,  57. 

Costa  vanishing. 

Seta  purplish,  rough  throughout. 

Capsule  suberect,  stem-leaves  gradually  acuminate  H.  cfespitosiim,  59. 

Capsule  abruptly  horizontal,  leaves   abruptly   short 

acuminate  with  pi>ints  recurved        .  H.  illecebrum,  61. 

Seta  reddish  and  rough  above,  yellowish  and  smootli 

below H.  Californiciim,  60. 

■ 
*    *     Lid  {more  or  iesa  JotKj)  roatrnte, 

H-  Leaves  obtuse H.  obtusifoliuin,  169. 

-*-  -•-  Leavetf  acute  or  aeinninate. 

■t-H-  Cilia  solitary  or  geminate  at  base. 

Perichtt?tial  leaves  erect,  serrulate       •        .        .        .     H.  <*iirvisetuin,  91. 
Perichastial  leaves  recurved,  entire  .        .        .  H.  Ten  turn,  69. 

-^  +-^  Cilia  2—3. 

Leaves  with  filiform  points. 
Stems  short,  with  erect  fasciculate  branches,  stolon i- 

ferous H.  Vanchori,  73  a. 

Stems  long,  prostrate,  irregularly  branched,  not  radicu- 

lose  H.  piliferiim,  74. 

Leaf -points  not  filiform. 
Leaves  serrulate  all  around. 
Decurrent,  excavate  at  basal  angles. 
Perichietial  leaves  spreading         .        .        .        .        H.  Stokesii,  78. 
Pericluetial  leaves  reflexed        ....        II.  Oregannni,  79. 
Not  decurrent  nor  excavate. 
Leaves     ovate-lanceolate,      acuminate,      segments 

split H.  Snllivaiitii,  76. 

Leaves  broad-ovate,  acute,  segments  perforate       H.  prrolongnm,  75. 
Leaves  entire  at  Imse. 
Lid  not  half  as  long  as  capsule       .        .        .        H.  colpophyllnni,  73. 
Lid  nearly  as  long  as  capsule H.  Iiians,  77 

b.    Seta  smooth. 

[Ilomtilotlicc'luni  pseudo-Herlceuin  may  besoui;ht  here.] 
i.    Lid  {more  or  less  long)  rostrate. 

Leaves  apparently  2-ranked;  plants  of  dry  woods        .     H.  serrnlatam,  89. 
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Leaves  spreading  every  way. 
Ovate,  acute,  rarely  sleiidor-poiiited;  in  water 
Deltoid,  with  long  slender  points. 
Points  twisted,  plants  golden  yellow 
Poijits  straight. 
Si)reading,  hranchlets  attenuate 
Appressed,  hrauehlets  short,  julaeeous 


H.  r use i  forme,  90. 

H.  Bosoii,  73. 

If.  siriirosiiiii,  70. 
H.  divorsiroliuiii,  71. 


ii.     Lid  conrr.v  to  conic. 

*  Leares  <fci'te  or  nrnminate^  sermlafe. 

-^  Pvimtiry  branrhcM  erects  dendrovf  tofcscicidatCt  cdjtsnlr  Hynimctric,  sub- 

ercd  or  iuelined. 

■^-rLrtirrs  liapillose  on  iHick: 

In  compact  tufts,  dark  green,  Inanchlets  not  attenuate 

II.  Brewerinniiiii,  6G. 

In  loose  tufts,  branchlels  attenuate,  stoloniferous. 

Ciha  soliiary,  margin  of  stem  leaves  rellexed    .      ii.  spiculifenini.  64. 
Cilia  2—3.  margin  of  stem  leaves  not  rollexed    .  II.  stolon! for ii in,  63. 


"S-*-  f-r  Lnives  smooth. 

Capsule  cylindrical,  (lilia  solitary,  A  seguients 
Capsule  oval-olilong,  cilia  2—11 

Pfricha'tial  U-avrs  s«'iTati.'  .         .         .         . 

Peri'-liM.'lial  Iravcs  t'litir*'  .... 


II.  aiTirreurntinu,  67. 

II.  iiiyosiiroides,  fi-3. 
II.  aciHiruspis  Oo. 


Prinnn'i/  hviinrhimj  im'^ifliw  itr   fu'inniti',  ant'Oilt!  uns/piitnf.'f- 
//•/(',  sKlHtrciidfi:^  JnH'i.'infttl  (t'xcl.  30  and  14.1. 


II.  rtaliense,  14. 
II.  aeiiiuinatiini.  36. 


Capsule  syninn-tric,  i  rtvt. 

Synoifous.  small  (ln'aiiclios  1  cm.  lou^;) 
Diuicnus,  largtMliinnciicso— 1  cm.) 
Capsule  uiisymmctiir,  inclined. 
In  Idosc  tuft^?,  [)laiits  stout  or  long. 
Leaves   nan't>w«Ml   fiv.jui  lower  third  to   aiK'x,  visually 
whitish  orvi'Uowihh. 
Caj>sul«'  short  (1:  l.o),    monoi(rous,     leaves  straight 

wlK'udry II.  salehrosum,  37. 

Capsule  short    (1:1.5—2).  dioicous.    leaves  twistod- 

lU'xuous  when  drv II.  TiMMlenii,  41, 

Capsule  hmger  n  :  3),  «lioic()us,   leaves  straight  when 

dry II.  lietum.  35. 

Leaves  narrowe«.l   from  hase   to  apex,  bright  green, 
monoicous H.  aoiitiim.  38. 
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In  loose  tufts,  plants  small,  bright  green,  dioicoiLs    H.  biTontrosiim,  40  ^ 
In  dense  hemispherical  briglit  green  tufts,  monoicou!)     H.  colliiiuiii,  43. 

*  »  Leaves  acute  or  acuminate,  entire. 
-•-  Capsule  strongly  constrict*'(l  uwler  mouth  when  dry. 

Leaves  widest  just  at  base,  tai)ering  o<iually. 

Deeply  plicate,  cells  ol)scure II.  iilleii't,  33. 

Concave,  smooth,  cells  plain  ....  H.  poly<raiiiuiii,  13*3. 
Leaves  widest  above  base,  lonp:-acuminato  .  H.  ehr.vsophyllinii.  130. 
Leaves  widest  above  base,  not  acuminate     .  .         II.  paliisiro,  165. 

H-  -*-  Capsule  slightly  ar  wtt  cnustnctfd. 

Plants  reddish -brown  l>eluw.oran<^»  J  alx>vo    .        .        .         H.  Imdiiiiii.  1S3. 
Plants  whitish-, yellowish-  or  bri^^ht  grt^en. 

Cilia  0.  liasal  colls  quadrate,  numerous     .        .        .  II.  DoiiiielllL  42. 
CUia  2. 

Monoicous,  leaves  o}>en H.  salehrosuiii,  37. 

Dioicous,  leaves  appresised-iml)ricate        .        .        .        H.  a  1  hi  cans,  39. 
Cilia  solitary. 

Alar  cells  loosely  quadrate,  thin         ...  II.  ox.veladoii,  53a. 

Alar  ceUs  round- (quadrate,  obscure.      ...  II.  apiudadmii,  08. 

*  *  *   Leaves  obtusi'  (soincti)nes  apicuhUe  in  175)  entin:. 

-»-  Cells  not  enlargetl  at  Intsal  angles. 

Leaves  oi>en  H.  arctieinii.  168. 

Leaves  closely  imbricate If.  trifariuiii,  181. 

H-  H-  CV//.S  enlarged  at  IniSitl  angles. 

Costa  subjwrcurrent. 
Monoicous,  sparingly    branched,  alar    cells    gradually 

enlarged 11.  cord i folium,  173. 

Dioicous,  profusely  branched. 
5 — 10  cm.  long,   variegated    or    dark  purple,   stolons 

green II.  .saniientosiim,  175. 

15—30  cm.  long,  bright-  to  yellowish  green       .        H.  gigaiilenm,  174. 
Costa  reaching  middle. 

Branches  irregularly  pinnate,  leaves  spreading    .      IL  KIcliardsoiil,  177. 
Branches  few,  leaves  imbricate    .        .        .        .        H.  strain iiieuiii,  180. 

» The  sterile  H.  (Bracliythrtciuiii)  FitzfjeraldU  Mttller  (F/ora,  1887,  234),  is  relaU«d  to  this 
species  and  distinguished  from  it  "  by  its  parallel  julaceous-terete  branches  and  larger, 
broader  and  less  acumiuat-e  leaves/' 
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2.    Co8ta  very  short  or  none  or  double. 

a.    Alar  cells  abruptly  enlarged  {often  injlate/l  and  colored).  * 

i.    OjM'rcnlum  long  subuhtte  rostrate. 

Capsule  liorizoutal,  stronj^ly  constricted  under  mouth  when 

dry,  leaves  quite  entire H.  (loiiiisAiiiii.  80. 

Cai>8ule  sul>crect,  slightly  constricted,  leaves  6t»rrulate  at 

apex II.  iiiieroeariMiin,  84. 

Capsule  inclined,  wide  inouthe<i,  leaves  spinulose-dentate 

at  apex H.  la\e)>atiiliiiii,  86. 


ii.     Oj)crcidum  short  rostrate. 

Leaves  roundish  elliptical,  sul>acut<.»  or  apiculate  .  JI.  Novaj-(Vsariie,  81. 
Leaves  fdiform  acuuiinate. 

Cilia  2,  annulus  0,  capsule  oblong  (1:*2 — 2.5)     .  .         H.  reeiirvans,  83. 

Cilia  0,  annulus  0,  capsule  cylindric  (1:3.5)      .  H.  cyliiidricarpnin,  83. 

Cilia  1,  annulus  sinii>le,  large,  capsule  oblong  .  If.  Jamesii,  85. 
Leaves  acute  or  stoutly  acuuiinate. 

Entire If.  Ifaldaniannin,  168. 

Shar])ly  serrate II.  iieiiiorosuni.  164. 


ill.     OjH'rruhdii  runn-.c  or  vonio. 
Leaves  falcate. 

',If.  i>alii>4tn',  var.  Iiaiunlosuiii  inny  l»i>  soii^rlit  Ihtc; 

Scarcely  oostate,  alar  cells  oranj^o   ....         II.  eiiaryriiiin,  171. 
Costa  reaching  Iuidllh^  alar  colls  hyaline    .        .  II.  orhraceiiiii,  173. 

Leaves  not  fah-att*. 
Abru]>tly  hliforni  a[)iculate,  entire,  alar   cells  not  con- 
spicuous .        .        .        .        .  II.  trichophornm,  100. 
Gradually  filiform  acuminate,  alar  cells  orange. 
Acute  or  sliort  apiculate.  alar  cells  few,  large      .  H.  pal  astro,  105. 
Plants  slender,  2 — 3  cm.  long. 
Branches  erei't,  leaves  serrati^         .         .         II.  .Hiihloiiheckii,  HI . 
Brandies  intricate,  leaves  nearly  entire     .         II.  Titzgeraldi,  112. 
Plants  stout,  7—10  cm.  long,  leaves  cpiite  entire      11.  stellatum,  131. 
Obtuse,  entire,  alar  cells  hyaline       .        .        .         II.  ciispidatiim,  176. 


»  In  SI  so  fj.-w  as  to  be  rasilv  overlooked. 


* 
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b.    Alnr  cells  scarcely  different  or  quadrate^  not  abruptly  enlarged. 

i.    Leaven  thin,  glossy,  open;  plants  mostly  small,  prostrate  or  with  as- 

cending  branches. 

«    leaves  cmnplanate. 

-*-  Lid  rostrate. 

Leaves  transversely  uniiilate,  serrulate  at  apex      .  H.  nniiiilatum,  110. 

Leaves  not  undulate,  quite  entire  .  .  .  .  H.  sylvaticum,  109. 
Leaves  not  undulate,  serrulate  to  base. 

Bicostate,  annulus  large H.  croophilnm,  87. 

Uni-  or  ecostate,  annulus  0 H.  dopluiiatnm,  88. 

H — I-  Lid  convcv  or  con  ic. 

Capsule  i)endent H.  elegrans,  105. 

Capsule  suberect,  inclined  or  horizontal. 
Sulcate  and  constricted  below  mouth  when  dry      .      H.  tiirruccniii,  104. 
Smooth  when  dry. 
Autoicous,  plants  growing  on  rotten  wood. 

Annulus  0 H.  mica  lis,  103. 

Annulus  large,  triple         ....  H.  deiiticulntiiiu,  106. 

Dioicous,  plants  growing  on  stones  or  the  ground. 
Leaves  (juite  entire,  capsule  obovate,  cam]>anulate 

when  dry H   Muollerinniiiu,  107. 

Leaves  serrulate,  capsule  subcylindric        .  H.  Snllivnntiie,  108. 

♦  *  lA'arcs  ctpuiUy  spreadinff, 

-■*-  Capsule  sulwn'ct.  smooth  when  dry. 

Dioicous,  cilia  0,  costa  obsolete. 

Inner  i^ericlijBtial  leaves  ovate  lanceolate        .        .        H.  Intebrioola,  98. 

Inner  perichaetial  abruptly  acuminate         .        .  H.  raHsaiceiise,  99. 

Autoicous,  cilia  2 — 3,  costa  double. 

Thick,  ascending  to  middle H.  genihiiim,  102. 

Thin,  reaching  lialf  way  to  middle         .  H.  denticulaluiii,  var.  106. 

-•-  H-  Capsnh'  inrlinrd,  snlcate  irJu>a  dry      .      H.  ]>seiid<>-Silo}4iacuiu,  113. 

-• — I — »-  Capsule   inclined  or  horizontaU  often  arcuate,  smooth  when  dry. 

Leaves  squarrose,  abruptly  long  acuminate        .  H.  Iiispidulnm,  129. 

Leaves  loosely  imbricate,  obtuse  or  acute,  alar  cells  orange. 

Nearly  as  broad  as  long,  obtu.'ie  or  apiculate        .        .  H.  niolle,  166. 

Nearly  twice  as  long  as  broad,  acute,   point  often   half 

twisted H.  alpe^tre,  167. 

Leaves  falcate,  gradually  acute     ....  H.  moiitanuiii,  170. 
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ii.    Ijeavcsfirm,  plants  very  large,  mostly  1^2-2nnnate,  t'rect  or  ascending^ 

*  Paraph y Ilia  0. 

Loaves  obtuse^  or  abruptly  apiculate. 
Capsule  smooth  when  dry. 
Leaves  obtuse. 
Olive  or  grayish  green,  1—2- pinnate,  loaves  open  If.  Schreberl,  178. 
Dirty  grt»en  to  dark  brown,  almost  simple,   leaves 

closely  ai)pressed H.  Irifarium,  181. 

Leaves  abruptly  apiculate,  ])lants  pale  grtn^n  .         H.  fuiruui.  L.*. 

Capsule  plicate  when  dry,  plants  dark  green  to  reddish 

brown H.  soorpioMoH,  184. 

Cai)6ule  unknown;  plants  dark  yellow  and  greenish,  branches 
julaceous,  few,  fastigiate,  leaves  short  apiculate      H.  tiirgos<?ons,  182. 
Leaves  long  acuminate. 
Sulcate. 

Ai)ox  blunt If.  Fleiiniiingrii.  191. 

Ai)€x  very  sharp. 

Ecostate,  leaf  cells  all  alike II.  lorouiii,  192. 

Bicostate,  leaf  cells  enlarged  at  base    .        .  If.  triciiietruiii,  190. 

Not  sulcate If.  squarrosum,  189. 

♦  *  Paraphyllia  present. 

Leaves  with  long  double  costa,  leaves  deeply  sulcate    H.  miibratiini,  186. 
Leaves  obscurelv  bicostate. 

Obtuse H.  Alaskaiium,  179. 

Acute  or  apiculate  or  long  acuminate. 
Paraphyllia  pinnate,  branches  <lensely  2 — 3  pinnate  II.  sploiidons,  185. 
Paraphyllia  minute,  branching  irregularly  pinnate  II.  hrevirostro.  1h8. 
Leaves  unicostat^i  to  middle,  coarsely  serrate        .        .         II.  Oakesii,  187. 

n.     IjCitves  sect (11(1. 

[KapliltUiAteiiCiniii  spp.  and  Itnicliythociiini  Tliodciiii  may  be  sou>;ht  her^.  ] 


A.     Costa  shigky  iraching  to  the  middle  (tr  Iteyand. 

1.     Cells  short,  ltd  nut  c If.  erispir<»Iiiim.  22. 

2.     Cells  eloKffated. 


a.     Seta  rough. 


Leaves  serrulate 
Leaves  entire 


.    H.  velntinnm,  15. 
II.  pliiiiiosuiii.  var.  5^. 


»  Rfiiaukl  and  Cardot:  FL  ^fi^I.  57. 
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b.    Si'lii  Hinootll. 

i.    /.eniVM  triniiverneJii  i-ikjihic  and  liiiiiiHii'linnllf/ jilinilr. 

Plonte  Blender  .        .        .        .        H.  ailiim-iiiti  vnr.  (rnu'llc'trpnK,  133, 

Plants  verj  stout. 

Leavi's  Kernitt'  at  a|)cx,  alur  oi-lls  ([lUKlniti'  II.  riifTAiiiiiii,  144. 

LeavM  aulHi-rriti-  nt  ntn's,  alar  cell^^  stanvly  i1iIT(^rt>nt. 

If.  n)hnstuiii.  14.'}. 

ii.     Lcnvv  „>.l  ri"j.«-:  t./h;>  iJiisiU: 

*     Al-ii-  fUn  inirh  •■iil-irn,:-!  or  ■lij.'r.-nlln  <fil:iV.l. 

■*-  lliiiifhuH!,!  uhiuiihiiil  {mnig  frir\. 

I>»VL>H  {ilicati- Ii.  (•(tinmiitatiiiii,  143. 

Lean-a  not  I'lkittf II.  Illu-r u,  ua. 

->-  *  l'iir-]<h!,lli-i  ■/. 
AnnuluH  0. 

AutoicuiiH,  loavi-s  ijuite  ontiro ||.  ptiluslre,  165. 

Autoicvus,  leaves  dentioiilntc II,  fluItaiDi,  1.16. 

DioicouH,  lonvRH  untire  above,  ijcrrulati.'  belnw  II.  exniiiiulaliim,  137. 

Annulus  largo. 
AutoicouA,  Waves  iilicate.tL'iHii  orange  at  1jase,Tellii\vish 

above H.  imrinatiiiii.'  18S. 

DIoicous,  leaves  eulcate,  teeth  uranKC  with  a  broad  hya- 
line border H.  iwliracpniii,  173. 

Dioicous,  leaves  striate,  teetli  brown  or  (lark  orange,  not 
bordered. 

Alar  cells  pellucid II.  adnnrnm.  183. 

Alar  cellx  orange H.  Sciiiltnerl.  134. 

«    *  Ahu-  «■«»  ^iii'ill  ("■  nairc-lg  dijTnri.t. 

Leaves  serrato H.  Thedenil,  41. 

Leaves  ijuite  entire. 
Plants  very  large  and  stout  (15—2(1  cm.),  leaves  costate  to 

Kegularly  pinnnte         ...        II.  ndiinpiiin  vur.  huiitaliiiu,  133. 

Irregularly  and  tlicholuniiiusly  branched  II.  Iyo«>)>o<li»idvs.  140. 

Plants  umch  HmalK'r.  leaviw  ubiicnrcly  bicoKtatt-  H.  Wnlsonl.  141. 

Plants  mucli  smaller.  leavtM  ctHtatc  to  alxtvo  middle 

Autoii^oiiH,  [lurjilisli-rvil,  red-brown  or  nearly  black    If.  ri' vol  yen)).  ISff. 

Dioicous,  dirty  green  or  yellow        ...        II.  vernlcMiiiD.  139. 

'  Hup-  •f'Mrlriniui  lifD.  ft  Cnnl.  i/M,  flue,  ilv  iltW).  fiW,  pi.  xvi.  [s  a  suli-S[*ci«i  «C 
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B.     Costa  double  J  short,  or  none. 
1.    Alar  cells  enlarged,  hyalhie  or  colored. 

a.     Lid  conic,  often  apiculate,  capsule  oval  to  oblong  {1:1— 2.5). 
i.     Alar  cells  pellucitl,  not  conspicuoushj  colored. 

*  Capsule  costate  and  arcuate  when  dry. 

Alar  cells  short,  yellow,  thick  walled  ...        If.  cnrvirolinni,  159. 
Alar  cells  inflated,  hyaline,  thin-walled    .  H.  arciiatiim,^  Lindb. 

♦  *  Capsule  not  costate  when  dry. 

Vaginule  short  (1:  2)  covered  with  longer  luiirs         .       H.  moUiiscaiu,  147. 
Vaginule  longer  (1:3+) 
Plants  shining  yellow,  leaves  subaerrulate         .        H.  dcpressulum,  151. 
Plants  bright-  to  pale  green,  leaves  quite  entire. 
Lid  sharply  apiculate,  orange,  capsule  incurved  when 

dry 11.  callichroiim,  154 

Lid  not  apiculate,  ca[>sule  strongly  arcuate  when  dry  H.  pratensc,  161. 

ii.     Alar  cells  orange. 

L\ives  quitiMMitire 11.  Baiiibergeri,  162. 

Leavers  serrulate. 

Ecostate H.  circiiuile,  153. 

Obsoletely  bicostate H.  Soqiioieti,  153. 


h.     Lid  rostrale,  ctipsnle  cffUndric  (1 :  3.5  +). 

Leaves  laterally  coniprossod  botli  sides,  alar  cells  orange  II.  Baiiiborgori,  162. 
Leaves  not  laterally  compressed. 

Perichietial  leaves  bicostate  to  middle,  plicate  .  .  H.  reptile,  148. 
Pericha'tial  leaves  shortly  bicostate,  plicate  .  II.  ciiprossl forme,  158. 
Pericha'tial  leaves  ecostate,   plicate,  cilia  solitary,  ap- 

pendiculate II.  impoiions,  155. 

Perichaitial  leaves  ecostate,  not  plicate,  cilia  2,  inappen- 

diculate H.  suhimponons,  156. 


1  KenatiM  uml  Cardot:  FL  Miq.  55. 
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2.    Alar  cells  not  distinct,  often  quadrate. 

a.     Plants  very  stout  {o—Q  mm,  thick) ^  leaves  transversely 

rugose H.  rohnstiini,  145. 

b.    Plants  much  more  slen/ler  (2  mm.  or  less  thick),  leavejt  not  rugose. 


!(.  ^eiiiiniim,  102. 


H.  plicatile,  157. 
H.  Vaucherl,  Lesq.' 
H.  pnlchollunu  101. 


Cost^e  ^,  thick,  reaching  the  middle    . 
Ecostate  or  shortly  bicostate. 
Irregularly  branched. 
Leaf  margins  reflexed,  shortly  bicostate 
Leaf  margins  plane,  shortly  bicostate 
Leaf  margins  plane,  ecostate      .... 
Regularly  pinnate. 
Plants  very  large  (to  15  cm.),  capsule  arcuate,  stem 

leaves  plicate H.  Crista-castrcnsis,  146. 

Plants  smaller  (usually  less  than  5  cm.),  capsule  not 
arcuate  nor  stem  leaves  plicate. 
Perichsetial  leaves  plicate. 

Leaves  quite  entire 

Leaves  serrulate  at  apex. 
Inner  perichaBtial  leaves  costate     . 
Inner  perichajtial  leaves  ecostate    . 
Perichsetial  leaves  not  plicate 


H.  comploxnin,  160. 


H.  fertile,  149. 

H.  hamnlosum,  150. 

H.  siihiinponens,  156. 


1  Renauld  &  Cardot:  Bot.  Gaz.  xiv.  (1889)  100. 
6— A.  &  L. 
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SOME  ADDITIONAL  EVIDENCES    BEARING  ON  THE 
INTERVAL  BETWEEN  THE  GLACIAL  EPOCHS. 


By  president  t.  c.  chamberlin.* 

Evidences  bearing  upon  the  interval  between  the  glacial  epochs  may  be 
drawn  from  various  parts  of  the  glaciated  field  and  from  the  various 
phenomena  connected  with  glaciation.  It  is  not,  however,  my  purpose  to 
make  any  approach  to  an  exhaustive  review  of  these  evidences,  or  even  to 
touch  upon  the  arguments  that  may  be  drawn  from  all  the  several  sources. 
1  desire  simply  to  bring  to  your  attention  certain  specific  evidences  that 
have  an  important  bearing  upon  the  length  of  the  main  interglacial  inter- 
val and  that  lend  themselves  more  readily  to  intellectual  estimation  than 
others.  The  evidences  that  are  especially  additional  to  previous  knowl- 
edge are  drawn  from  the  lower  Mississippi  Valley,  but,  in  connection  with 
these,  I  shall  briefly  refer  to  evidences  drawn  from  other  valleys  that  fall 
into  marked  harmony  with  these. 

In  the  lower  Mississippi  Vallev,  the  sub-stratum  consists  of  Tertiary  de- 
posits. Upon  these  there  is  a  thin  stratum  of  gravel  and  sand,  known 
heretofore  quite  widely  as  the  Orange  Sands,  although  that  terra  seems  to 
have  been  api)lied  to  different  formations.  This  stratum  lias  been  very 
considerably  misunderstood.  It  does  not  contain,  so  far  as  critical  investi- 
gation shows,  any  material  that  may  be  regarded  as  glacial,  although  I 
think  in  some  of  the  earlier  reports  Archean  pebbles  were  cited  as  an  indi- 
cation that  these  gravels  were  contemporaneous  with  the  glacial  deposits 
of  the  north.  They  have  been  critically  examined  during  the  summer  by 
my  colleague,  Professor  Salisbury,  and  during  the  entire  s(»ason's  search  he 
has  not  found  a  single  pebble  that  is  referable  to  a  glacial  origin.  Some 
vears  since  I  examined  the  same  formation  with  like  result.  Professor 
Call  has  also  examined  some  of  these  deposits  with  a  similar  result.  The 
pebbles  are  chiefly  of  chert  and  were  derived  from  the  chert -bearing  lime- 
stones, largely  Carboniferous,  but  reaching  as  far  down  as  the  Lower  Mag- 
nesian  limestone.  They  are,  therefore,  non-glacial.  This  is  a  matter  of 
some  importance  as  these  sands  and  gravels  have  been  correlated  with  the 
glacial  deposits  not  only  but  referred  to  the  Champlain  eiK>ch.  They  are 
very  far  removed  from  the  Champlain  deposits  in  time.  That  correlation 
is  one  of  the  great  errors  of  Quaternary  geology.     They  are  certainly  pre- 


*The  facts  relative  to  the  Lower  Mississippi  region  are  drawn  lar^'ely  from  tlie  observa- 
tions of  my  associate.  Prof.  R.  D.  Salisbury. 
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glacial  in  the  sense  that  they  were  not  contemporaneous  with  the  glacial 
incursion  at  its  earliest  maximum.  They  may  have  been  contemporaneous 
with  the  very  earliest  stages  of  glaciation  before  the  ice  reached  the  Mis- 
sissippi Valley  and  was  able  to  mingle  its  deposits  with  those  of  valley. 

Now  these  gravels  occupy  a  wide  area  stretching  across  the  basin  of  the 
lower  Mississippi  from  some  distance  back  in  Tennessee,  Kentucky  and 
Mississippi  to  the  high  lands  upon  the  Arkansas  side,  api>earing  in  Crow- 
ley's ridge  that  bisects  the  present  bottoms  of  the  Mississippi.  The  gravel 
stratum  undoubtedly  was  originally  horizontal,  but  it  now  undulates  more 
or  less  conformably  with  the  surface.  The  explanation  of  this,  it  seems 
to  me,  is  found  in  the  gradual  creep  of  the  soft  material  of  the  hills  as  they 
were  slowly  carved  out  by  erosion.  Tlie  brows  of  the  hills  in  some  (j^es 
have  obviously  crept  down  on  the  slopes,  for  on  the  summit  we  find  the 
gravels  compact  and  firm  and  the  constituent  pebbles  lying  with  their 
maximum  diameters  in  a  horizontal  position  while  the  stratum  has  level 
upper  and  lower  bounding  planes.  On  the  slopes  of  the  hills  however  the 
gravel  beds  are  more  or  less  broken  up,  and  the  pebbles  have  been  dis- 
turbed and  displaced  and  tumbled  into  various  attitudes,  such  as  we 
might  naturally  expect  under  the  hypotheses  of  a  creeping  movement  on 
the  slope.  It  seems  impossible  to  suppose  that  this  stratum  of  gravel  was 
originally  deposited  in  the  undulatory  form  in  which  it  is  now  found.  It 
might  be  supposed  that  the  silt  which  overlies  this  gravel  bed  was  depos- 
ited as  a  mantle  over  an  undulatory  surface,  but  gravel  does  not  lend  it- 
self to  such  a  method  of  distribution. 

This  overlying  mantle,  which  now  claims  attention,  consists  of  fine  silt 
and  embraces  the  loess  deposits  of  the  lower  Mississippi.  It  spreads  out 
broadly  over  the  gravel  stratum  and  extends  somewhat  beyond  it,  es- 
pecially on  the  east.  This  stratum  is  in  places  differentiated  into  two 
parts  and  separated  by  a  soil-like  horizon.  This  differentiation  is  not  com- 
mon to  the  entire  valley.  This  silt  mantle  may  be  traced  almost  in  un- 
broken continuity  northward  to  the  border  of  the  glacial  drift,  wheivpe  it 
spreads  itself  over  the  drift,  reaching  up  on  it  some  hundreds  of  miles  to 
the  northward.  In  this  northern  stretch  the  silt  mantle  is  correlated  with 
a  second  episode  of  the  earlier  glacial  eiK>ch.  It  graduates  down  into  a 
stratum  of  boulder  clay  that  overlies  a  bed  of  vegetable  material,  which  in 
turn  overlies  another  till.  Both  of  these  tills  I  have  been  accustomed  to 
correlate  with  the  earlier  glacial  epoch.  I  do  not  wish,  however,  to  raise 
differences  of  opinion  on  that  point  here.  It  is  unimportant  to  the  main 
conclusions  which  we  desire  to  reach. 

Besides  this  continuity  there  is  a  further  reason  for  regarding  these  silt 
deposits  as  contemporaneous  with  the  ice  invasions.  They  are  made  up  in 
part  of  glacial  particles;  that  is,  particles  derived  from  the  mechanical 
abrasion  of  a  glacier.  These  particles  consist  of  decomposable  silicates, 
dolomites  and  limestones,  and  were  rasped  from  rocks  of  these  varieties 
lying  further  north.  Such  decomposable  particles  do  not  abound  in  resid- 
uary clays  but  are  abundant  constituents  of  glacial  clays. 
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It  seems  necessary  to  suppose  that  this  mantle  of  loess  and  loesa-like  silt 
was  originally  deposited  as  a  horizontal  stratum  across  the  entire  MissiB- 
sippi  bottoms.  At  the  present  time  it  undulates  over  the  hills.  At  first 
thought  it  would  seem  that  the  depositing  waters  might  have  been  deep 
and  the  silt  laid  down  as  an  undulatory  mantle;  but  it  would  seem  neoea- 
sary  to  extend  the  same  hypothesis  to  the  deposition  of  the  gravels  where 
its  application  is  manifestly  nxcluded  by  the  nature  of  the  deposit.  I  feel' 
sure  from  observation  in  certain  cases  that  full  investigation  will  show 
that  this  seeming  mantling  is  the  result  of  the  gradual  degradation  of  the 
hills,  accompanied  by  creep  of  the  pliant  and  plastic  material.  This  phe- 
nomenon of  creep  has  a  wide  expression  entirely  independent  of  the  area 
nncftr  consideration;  but  upon  that  I  cannot  dwell. 

During  the  first  glacial  episode  the  altitude  and  slope  of  the  lower  Mia- 
flijBBippi  basin  was  so  low  as  to  permit  the  deposit  of  this  silt  on  the  blufEs 
which  are  now  dOO  feet  more  or  less  above  the  present  Mississippi  bottoms. 
Before  the  second  glacial  epoch,  according  to  the  division  I  make,  there 
was  an  elevation  sufficient  to  permit  the  erosion  of  the  great  trench  of  the 
lower  'Mississippi  by  the  predecessor  of  the  present  river.  This  erosion 
amounts  in  round  numbers  to  a  trench  about  300  feet  in  depth  and  about 
sixty  miles  in  width.  Some  of  the  bluffs  that  are  crowned  by  these  sQts 
are  200  or  250  feet  in  height,  and  Professor  Call's  recent  investigations 
show  80  to  100  feet  of  silt  in  the  bottom.  It  is,  therefore,  I  think,  safe  to 
say  that  in  round  numbers  there  was  an  erosion  during  the  interval  be* 
tween  the  two  epochs  of  the  magnitude  named  and  reaching  from  Cairo 
south  to  the  gulf  with  corresponding  erosion  trenches  along  the  upper 
branches.  This  great  erosion  represents  the  interval  between  the  forma- 
tion of  the  silts  of  the  earlier  glacial  e()och  and  the  filling  in  of  the  valley 
deposits  of  the  later  glacial  epoch,  which  now  demand  our  attention.  If 
we  go  back  on  the  glaciated  area  to  the  moraines  wliich  mark  the  limit  of 
the  later  glacial  incursions,  we  shall  find,  starting  from  the  outer  side  of 
these  moraines,  valley  streams  of  gravel  formed  contemporaneously  with 
these  ice  incursions.  Tracing  these  gravel  streams  along  their  courses,  we 
find  that  they  run  down  into  the  channels  cut  in  the  inter  glacial  interval, 
and  partially  fill  them.  On  the  upper  Mississippi,  on  the  Chippewa,  on 
the  Wisconsin  and  on  other  tributary  rivers,  we  find  gravel  trains  heading 
on  the  outer  edge  of  the  outer  moraine  of  the  later  epoch.  Passing  down 
through  the  interglacial  trenches,  these  are  found  represented  in  the  lower 
Mississippi  valley,  as  I  think  we  may  safely  siiy  from  recently  gathered 
evidence,  as  deposits  in  the  Mississippi  bottoms,  overlaid  of  course  by 
the  more  recent  deposits.  The  work  of  the  earlier  glacial  epoch  in  the 
lower  Mississippi  I  conceive  to  be  the  deposit  of  the  loess  and  loess-like 
silt  that  of  the  interglacial  epoch  to  be  the  erosion  of  the  great  trench  in 
Arhich  the  Mississippi  bottoms  now  lie,  and  that  of  the  later  glacial  epoch 
to  be  the  partially  filling  of  this  trench.  The  trenching  is  the  measure  of 
the  interglacial  interval,  or  at  least  is  a  partial  measure  of  it. 
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If  we  pass  to  the  upper  Ohio  and  Allegheny  valleys  we  find  plienomeua 
that  fall  into  close  correspondence  with  the  foregoing.  There  are  high 
bhoulders  and  terraces  at  various  points  which  bear  upon  themselves  gla- 
cial river  gravels.  One  of  the  most  decisive  is  found  in  the  vicinity  of 
Parkers,  and  has  been  described  by  Mr.  Chance  and  others.  Here  an  old 
channel  runs  back  from  the  present  course,  and  curving  around  a  group 
of  hills,  returns,  forming  an  **  ox  bow."  In  this  old  channel  glacial  river 
gravels  are  found,  showing  that  i*^^  was  occupied  contemporaneously  with 
some  stage  of  the  glacial  period.  This  abandoned  channel  is  about  200 
feet  above  the  present  Alleghany  river.  Mr.  Chance  tells  us  there  is  about 
fifty  feet  of  drift  in  the  present  valley  bottom.  So  between  this  upper  river  bed 
and  the  bottom  of  the  present  rock  channel  there  is  evidence  of  an  erosion 
of  250  feet,  200  of  wfcich,  m  round  numbers,  are  cut  through  Carboniferous 
strata.  Similar  and  corroborative  facts  show  themselves  along  the  course 
of  the  river  above  and  below  and  along  the  Monongohela  and  thh  upper 
Ohio.  If  we  trace  the  old  channel  of  the  Alleghany  northward  by  means  of 
remnant  shoulders  and  terraces  we  find  that  it  lies  considerably  above  the 
altitude  of  the  terminal  moraines  of  the  later  epoch;  and  also  much  above 
the  gravel  trains  that  head  on  the  outer  side  of  these  moraines  and  run 
down  through  the  trench  above  indicated.  It  therefore  becomes  a  neces- 
sary inference  that  the  trench  was  cut  before  the  moraines  were  pushed 
across  it  and  before  the  moraine  derived  gravels  could  be  carried  down 
into  it.  The  trench  therefore  represents  the  interval  between  the  earlier 
and  the  later  glacial  epochs.  I  have  placed  in  manuscript  elsewhere  the 
fuller  facts  upon  which  these  brief  statements  rest,  and  they  will  appear  in 
print  in  time. 

If  we  pass  over  the  Susquehanna  valley  we  find  like  phenomena.  These 
have  been  brought  out  by  Mr.  McGee  and  others  and  I  need  only  to  refer 
to  them  because  of  their  connection  with  that  which  I  have  already  pre- 
sented. Here  we  find  old  benches  covered  with  rounded  pebbles  —  some 
of  which  are  glaciated  —  reaching  to  a  similar  height  of  about  250  feet 
above  the  present  Susquehanna  river.  There  are  glaciated  pebbles  at  high- 
er altitudes,  but  I  have  taken  the  more  moderate  figure  because  it  is  a  safe 
one.  Near  Sunburg  glaciated  stones  were  found  by  Professor  Salisbury 
about  six  hundred  feet  above  the  present  river.  Below  these  high  terraces 
and  in  the  valley  excavated  out  of  the  plain  from  which  they  were  de- 
rived, we  find  a  lower  terrace  60  or  70  feet  in  height  of  newer  and  dis- 
tinguished asj)ect.  Above  Berwick  this  lower  terrace  connects  itself 
definitely  with  the  terminal  moraine  which  there  crosses  the  river.  The 
terrace  rises  rapidly  as  it  joins  this  moraine,  as  is  the  habit  of  moraine- 
beaded  terraces,  and  reaches  an  altitude  of  100  to  150  feet  as  it  merges  into 
the  moraine.  But  it  is  still  much  below  the  old  terraces  from  which  it  is 
sharply  distinguislied  by  its  freshness  and  youth  and  by  its  constituent 
material.  « 
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It  appears  therefore  that  at  this  point  a  deep  trench  was  cut  in  the  flood- 
plain  of  which  the  old  terraces  are  the  remnants  before  the  formation  of 
the  later  moraine  and  of  the  valley  deposits  that  sprang  from  it. 

If  we  pass  over  to  the  Delaware  valley  we  find  analagous  facts  which 
are  more  familiar  through  the  writings  of  several  geologists.  Many  years 
ago  Professor  Lewis  called  attention  to  the  earlier  and  later  deposits  of  that 
region,  though  he  did  not  give  them  the  interpretation  I  shall  place  upon 
them  here,  which  coincides  essentially  with  that  of  McGee.  As  we  follow 
up  the  valley  toward  Belvidere  where  the  moraine  crosses  the  Delaware, 
we  find  old  terraces  reaching  up  to  about  240  or  250  feet  upon  which  are 
rounded  pebbles  and  glaciated  stones,  indicating  an  origin  in  the  earlier 
stage  of  glaciation.  Cutting  through  these  old  plains  and  the  rock  below 
we  find  the  deep  trench  in  which  the  later  deposits  have  been  placed. 
These  later  gravel  deposits,  originating  with  the  moraine  at  a  height  of 
somewHat  above  150  feet,  rapidly  decline  to  about  85  feet  a  few  miles  above 
Lewisburg,  opposite  a  point  where  the  older  terrace  rises  to  about  250 
feet.  The  measure  of  the  interval  here  is  some  250  to  300  feet  of  rock 
cutting. 

It  would  appear  therefore  that  while  there  are  local  variations,  there  is  a 
general  correspondence  between  the  amount  of  erosive  work  done  by  the 
lower  Mississippi,  by  the  upper  Ohio  and  AUeghaney,  by  the  Susquehanna 
and  by  the  Delaware  rivers  respectively.  The  facts  mdicate  that  the  alti- 
tude of  the  continent  was  low  in  the  closing  stages  of  the  earlier  glacial 
epoch;  became  higher  in  the  interglacial  interval,  and  after  sufficient  time 
elapsed  for  these  great  erosions  to  take  place,  the  glacial  watets  of  the 
later  epoch  poured  their  valley  deposits  down  the  trenches  formed  in  the 
interval.  The  cutting  of  these  trenches  rudely  measures  the  length  of  this 
interval  or  at  least  the  length  of  the  actively  erosive  part  of  it. 
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ON   THE  APFI:XDAGHS  OF  THE  FIRST  ABDOMINAL 

SEGMENT  OF  EMBRYO  INSECTS. 


By  WM.  M.  wheeler. 

Much  of  what  is  contained  in  the  following  pa]>er  was  presented  to  the 
Wisconsin  Academy  of  Sciences,  Arts  and  Letters  at  its  annual  meeting  in 
December,  1888.  Graber's  summary  [^88],  embodying  as  it  does  all  that 
was  known  of  the  curious  organs  on  the  basal  abdominal  segment  of  em- 
bryo insects  up  to  1888,  would  seem  to  render  superfluous  a  second  general 
contribution  at  so  early  a  date.  Nevertheless  I  have  been  led  to  undertake 
the  task  for  several  reasons:  First,  several  brief  articles  have  appeared 
since  the  publication  of  Gral>er*s  comprehensive  paper;  secondly,  I  have 
myself  made  some  observations  which  fill  a  few  of  the  gaps  neces- 
sarily left  in  the  German  investigator's  resume,  and  thirdly,  as  I  take  a 
very  different  standpoint  in  regard  to  the  interpretation  of  the  problematic 
appendages,  I  feel  in  duty  bound  to  reproduce  all  the  facts  from  which  my 
conclusions  are  drawn. 

This  paper  does  not  purport  to  be  a  final  monograph  on  the  subject  — 
such  a  task  can  be  undertaken  only  when  the  embryos  of  many  more  in- 
sects have  been  carefully  studied  —  but  a  resume  of  facts  and  theories  up 
to  the  close  of  1889.  After  giving  an  account  of  my  own  investigations  in 
the  first  part,  I  shall  in  the  second  portion  pass  to  an  account  of  the  work 
of  other  observers,  and  in  the  last  part  consider  the  theories  which  have 
been  advanced  in  regard  to  the  original  function  of  the  problematic  organs. 
The  descriptions  of  the  organs  in  Blatta  and  PerijAanetn  and  the  whole  of 
the  theoretical  portion  are  essentially  the  same  as  when  presented  to  the 
Academy  in  December,  1888. 

For  the  sake  of  avoiding  repeated  circumlocution  I  shall  call  the  appen- 
dages of  the  first  abdominal  segment  jVt^wropofZia  —  a  name  both  sugges- 
tive of  their  origin  from  footUke  organs  and  their  tendency,  when 
fully  develoi)ed,  to  take  up  a  position  on  the  pleural  wall  of  the  embryo. 
Should  the  theory  advanced  in  the  latter  part  of  the  imper  prove  to  be  cor- 
rect, I  would  suggest  that  the  term  ndenopodium  be  substituted  for 
pleiiropodiiun. 

I  shall  not  treat  of  the  abortive  and  very  transient  appendages  which 
appear  on  some  or  all  of  the  abdominal  segments,  since  the  interested 
reader  will  find  a  complete  resume  of  our  fragmentary  knowledge  of  these- 
structures  in  Grabcr's  paper  ['88].  Nor  do  I  propose  to  enter  into  the  con- 
troversy as  to  whether  the  ancestral  insects  were  homopod  or  heteropod,. 
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because  I  believe,  in  contradiction  to  Oraber,  that  there  is  nothing  in  the 
■Structure  or  evolution  of  the  pleuropodia  which  throws  any  light  whatever 
•on  the  mooted  question. 

These  organs  may  be  turned  to  quite  as  good  account  by  the  advocates  of 
iiomopody  as  by  those  who  accept  Oraber'a  views.  Supposing  the  Diptera 
were  the  only  order  of  insects  of  which  we  had  any  knowledge,  should  we 
he  justified  in  asserting  that  the  halteres  which  now  function  as  sense 
•organs  according  to  Leuckart  and  Lee,  had  never  functioned  as  true  wings  ? 
Oertainly  not.  No  entomologist  doubts  that  the  immediate  ancestors  of 
the  Diptera  were  true  insects  and  that  they  were  provided  with  two  pairs 
of  perfect  wings.  It  seems  to  me  that  the  advocates  of  homopody  may 
logically  maintain  that  the  pleuropodia  present  a  strictly  analogous  case. 
These  organs  originate  as  appendages  homologous  with  the  thoracic  legs 
though  they  subsequently  differentiate  into  organs  of  problematic  though 
certainly  not  ambulatory  function.  Why  might  not  the  pleuropodia  have 
been  true  ambulatory  appendages  in  ancestral  forms  no  more  remote  from 
the  living  or  even  PalsBOsoic  Orthoptera  than  some  four- winged  insects  are 
from  the  Diptera?* 


PART  FIRST. 
Blatta  (Phyllodromia)  germanica.    L. 

■ 

CPlAte  I,  Figs.  1-8.) 

The  appendages  of  the  embryo  Blatta  begin  to  appear  on  the  tenth  day 
from  the  formation  of  the  polar  globules.  The  antennae  and  the  three  pairs 
of  thoracic  limbs  are  the  first  to  rise  from  the  ectoderm  of  the  hammer- 
shaped  embryo.     By  the  eleventh  day  the  three  pairs  of  oral  and  several 


*  A  similar  argument  may  be  advanced  in  the  case  of  the  hamulate  halteres  of  the  male 
Coccidof.  Of  deeper  interest  in  this  connection,  however,  are  two  facts  recorded  by 
Schioedte  (De  Metamorphosi  Eleutheratorum  Observationes,  Kopenhagen,  1861-1883)  con- 
cerning larval  Scarabcpidce  and  Lucanidm.  In  the  larvm  of  most  species  belonging  to 
these  families  the  metathoracic  legs  are  as  long  as  or  a  httle  longer  than  the  meso-  and 
protlioracic  pairs.  The  lar\'al  Oeotrypes  stercorarius,  L.,  however,  has  the  hind  legs  re- 
duced to  only  half  the  length  of  the  anterior  pairs.  fPlate  XVI,  Fig.  1.)  In  the  larval 
Pastalua  comut'ns,  Fabr.  the  hind  legs  arc  so  far  reduced  as  to  be  represented  by  a  pair 
of  small  rudiutonts  only.  *•  Pedes  tertii  pari.s  valdedeiiiinuii  Geotrypiv,  t^issalo,  completi 
Oeotrypof,  temoribus,  tlbiis,  unguli<t  carentes  PrttwdZo."  It  is  interesting  to  note  that  the 
rudiments  in  PcuualtM,  as  shown  in  Schioedtes'  Figure  (Plate  XVIII,  Fig.  IJ)  are  placed  very 
near  and  somewhat  pleurad  to  tiie  bases  of  the  median  legs.  The  position  thus  assumed 
by  the  atrophied  hind  legs  in  respect  of  the  median  pair  is  exactly  the  same  as  that 
assumed  in  insect  embryos  by  the  pleuropodia  in  respect  of  the  hind  or  metathoracic  pair. 
The  possibly  unique,  and  certainly  anomalous  reduction  of  the  hind  legs  in  the  larval 
Oeotrjfpes  And  PuMalus  is  well  suited  to  show  what  striking  changes  may  occur  in  the 
Appendages  within  the  limits  of  a  single  suborder  of  insects.  This  reduction,  which  is  a 
purely  larval  character,  since  the  imagines  have  hind  legs  of  the  usual  size  and  structure, 
has  very  probably  taken  place  within  comparatively  recent  times. 
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pairs  of  rudimentary  appendages  on  the  alnlominal  segments  have  become 
visible.  All  the  api)endages  are  merely  glove-  finger- 8hai>ed  outgrowths  of 
^he  ectoderm  into  each  of  which  extends  a  similar  evagination  of  the  un- 
derlying mesodermic  somite.  [Fig.  2.]  Of  the  abdominal  appendages  all 
except  the  first  pair  soon  disappear  entirely.  They  are  nipple  shaped  ele- 
vations which  are  brouglit  down  to  the  general  surface  of  the  abdominal 
ectoderm  by  the  tension  resulting  from  the  lateral  an  5  longitudinal  growth 
of  the  embryo.  The  first  pair  of  abdominal  appendages  in  embryos  twelve 
days  old  fFig.  2  ap.],  is  twice  as  long  as  any  of  the  succeeding  evanes- 
cent api>endages,  and  about  half  as  long  as  the  metathoracic  legs. 

Had  I  figured  the  whole  of  the  sagittal  section,  of  which  Fig.  2  repre- 
sents only  a  small  portion,  it  would  be  seen  that  the  three  pairs  of  thoracic 
appendages  are  of  equal  length,  and  together  with  the  antennae,  the 
longest  and  most  prominent  appendages  of  the  embryo.  The  abdominal 
pair  is  longer  than  the  mandibles  in  this  stage,  but  only  about  two- 
thirds  as  long  as  either  the  first  or  second  maxillae.  Like  the  antennas,  oral 
and  ambulatory  appendages,  they  are  directed  obli(iuely  outward  and  back- 
ward. The  evanescent  abdominal  appendages,  on  the  other  hand,  are 
directed  forward. 

The  further  differentiation  of  the  antennse,  mandibles,  maxillae  and  feet 
is  brought  about  by  a  very  rapid  proliferation  of  the  constituent  ectodermic 
cells,  by  a  somewhat  less  rapid  proliferation  of  the  cells  of  the  mesodermic 
somites  of  the  appendages  to  form  muscles,  and  by  constrictions  of  the  sur- 
face to  form  the  joints  of  the  adult  insect.  The  differentiation  of  the  first 
abdominal  appendage  is  brought  about  in  quite  a  different  manner, 
namely,  by  the  modification  of  the  individual  ectodermic  cells  of  which  its 
outer  layer  consists. 

The  appendage  ceases  to  grow  much  in  length  after  the  twefth  day  and 
its  cells  no  longer  divide.  I  have  never  seen  a  nucleus  in  any  phase  of 
either  karyokinesis  or  karyostenosis,  notwithstanding  I  have  examined  many 
sections  in  all  stages  of  development.  Hence  the  numbei  of  cells  which 
constitute  the  appendage  on  the  twelfth  day  remains  constant  till  the  or- 
gan disappears.  The  cells  whicli  form  all  but  its  basal  portion  increase 
enormously  in  size,  assuming  the  shape  of  long  prisms  more  or  less  attenu- 
ated in  some  portion  of  their  length.  They  grow  inward  and  push  the  me- 
sodermic cells  which  at  first  grew  forward  into  the  appendage,  back  into 
the  body  of  the  embryo.  Tlie  cyptoi)lasin  of  tliese  large  cells  consists  of 
finely  and  evenly  granular  ])rotoplasm  in  which  there  are  one  or  two  spheri- 
cal or  oval  vacuoles  at  the  perijiheral  ends.  [Fig.  3,  4,  v.]  In  surface 
views  the  cells  are  polygonal.  The  contr>ur  of  the  inner  ends  is  indistinct 
in  embryos  fourteen  days  old. 

Not  only  does  the  cytoi)lasm  of  each  of  the  formerly  small  ectodermic 
cells  increase  thus  enormously,  but  also  the  nuclei,  whicli  assume  a 
centrifugal  position  in  the  fanshaped  sections  of  the  appendage.  Owing  to 
their  numlx?r  the  nuclei  are  forced  to  arrange  themselves  in  several  rows. 
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pf'ig.  3.]  The  karyochylema  of  these  nuclei  is  colorless  and  shows  no  granu- 
lation. Thiough  it  are  spread  what  under  a  low  power  api)ear  to  be  dis- 
tinct but  isolated  masses  of  chromatin. 

Under  a  power  of  about  900  diameters  the  prismatic  cells  exhibit  more 
of  their  true  structure.  The  protoplasmic  reticulum  of  the  cytoplasm  is 
indistinctly  seen,  most  of  its  exceedingly  delicate  threads  running  parallel 
with  the  long  diameter  of  the  cells  and  presenting  the  appearance  of  fine 
striation.  The  parallel  arrangement  in  this  direction  may  be  due  to 
the  tension  of  the  protoplasm  during  the  rapid  centripetal  growth  of  the 
cells.  The  nodes  of  the  cytoplasmic  reticulum  are  what  appear  as  fine 
granules  under  a  low  power.  The  vacuoles  are  colorless  and  are  probably 
only  drop-like  accumulations  of  cytochylema.  In  the  nucleus  the  karyo- 
chylema is  perfectly  colorless  and  through  it  runs  a  net- work  of  chromatin 
which  appears  to  have  thickened  nodes.  A  nucleolus,  which  stains  but  very 
slightly,  usually  occupies  a  central  position.  By  focussing  the  distribution 
of  the  chromatic  reticulum  is  distinctly  seen  to  be  peripheral  and  not  sus- 
pended in  the  karyochylema.  When  only  the  equatorial  plane  of  the  nu- 
cleus is  in  focus  the  thick  masses  of  chromatin  are  seen  to  be  closely  applied 
to  the  wall  of  the  nucleus  —  only  a  few  of  them  running  out  into  the  limpid 
karyochylema.  The  thin  strands  of  chromatin  connecting  the  irregular 
masses  probably  also  run  along  the  inner  face  of  the  nuculear  wall.  Fig.  5 
represents  five  nuclei  drawn  with  the  focus  on  their  equatorial  planes.  In 
the  interior  of  the  karyochylema  the  nuceoli  stand  out  distinctly  as  bodies, 
which  stain  much  less  deeply  than  the  mass  of  chromatin. 

The  nuclei  retain  their  cliaracteristic  structure  apparently  without  the 
slightest  alteration  till  the  complete  dissolution  of  the  appendage  on 
about  the  twenty-seventh  day  of  develoi)ment.  Wlien  at  that  time  the 
nuclei  cease  to  stain,  the  cliromatin  [probably  now  of  modified  mole- 
cular structure]  is  still  visible  in  glistening  masses  distributed  as  formerly. 
The  nucleolus,  too,  is  still  seen  as  a  less  refractive  ]>ody  of  greater  dimensions 
than  any  of  the  irregular  chromatin  masses. 

The  cells  of  the  lower  part  of  the  appendage  in  embryos  fourteen  days 
old  [Fig.  li],  do  not  differ  in  form  from  the  ectoderm  cells  in  general. 
They  lengthen  somewhat  and  clasp  the  inner  ends  of  the  large  prismatic 
cells  which  form  the  great  mass  of  the  now  nearly  solid  pleuropodium. 
These  smaller  ectoderm  cells  thus  form  a^broad  tubular  peduncle,  the  lumen 
of  which  is  in  free  communication  with  the  body  cavitv  of  the  embryo. 

The  next  changes  which  may  be  noticed  in  the  api)en(lages  [in  embryos 
about  nineteen  days  old]  are  superficial  and  easily  described.  Tiie  tubular 
peduncle  increases  in  length  witli  a  resulting  decrease  in  tlie  breadth  of  its 
lumen.  At  the  same  time  the  portion  of  the  segment  to  which  the  ap})end- 
age  is  attached  is  carried  upward  and  comes  to  lie  somewhat  dorsad  to 
what  will  be  the  coxa  of  the  metathoracic  leg.  While  tliis  movement  is 
taking  place  a  constriction  appears  [Fig.  G  c?j. J  dividing  tlie  bulbous  mass 
of  large  prismatic  cells  into  two  segments.     Tliis  constriction  is  merely  su- 
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perficial  and  does  not  divide  the  cells  transversely.  The  nuclei  are  seen  to 
have  moved  back  from  the  periphery  of  the  appendage  and  to  lie,  several 
rows  deep  in  the  basal  half  of  the  apical,  and  in  the  apical  half  of  the 
basal  metameres  into  which  the  organ  has  l)een  constricted.  The  contour 
of  the  inner  ends  of  the  prismatic  cells  has  become  more  distinct  and  the 
cavity  into  which  the  lumen  of  the  peduncle  opens  has  become  larger. 
The  peripheral  ends  of  the  prismatic  cells  are  full  of  oval  vacuoles  of  about 
equal  size,  placed  side  by  side.  They  occupy  the  whole  surface  of  the  apic- 
al metamere.  [Fig.  6  v.]  Perhaps  these  vacuoles,  as  also  those  described 
in  a  preceding  stage,  may  be  caused  by  the  action  of  reagents,  though  the 
regularity  of  their  occurrence  and  the  lack  of  vacuoles  in  other  tissues  of 
embryo  Blattte  killed  and  prepared  according  to  a  method  described  in  a 
former  paper  [*89c],  seems  to  preclude  the  belief  that  they  are  artefacts.  Be 
this  as  it  may,  their  presence  would  seem  to  indicate  that  the  cytoplasm  of 
the  outer  ends  of  the  pri.smatic  cells  is  of  a  different,  perhaps  more  sensi- 
tive,  structure  than  that  in  the  remaining  portions  of  the  cells. 

The  appendage  has  now  reached  the  highest  point  of  its  development  and 
henceforth  slowly  advances  towards  dissolution.  By  the  twentieth  day 
[Fig.  7]  it  has  become  more  or  less  irregular  in  outline.  The  peduncle  \pd\ 
has  increased  in  length  and  tenuity;  the  cavity  [cv.]  has  become  irregular 
owing  to  the  basal  edges  of  the  prismatic  cells  becoming  ragged,  and  the 
constriction  is  disappearing.  In  the  appendage  figured  it  is  still  seen  as  a 
deep  indentation  on  one  side  \cn,]\  on  the  other  side  no  traces  of  it  are  visi- 
ble. The  shape  assumed  by  the  organ  is  now  no  longer  constant  in  any 
two  individuals.  The  vacuoles  have  either  entirely  disappeared  as  in  Fig.  7, 
or  they  are  much  elongated  and  usually  found  between  the  prismatic  cells. 
Where  the  lateral  walls  of  the  cells  have  disappeared  their  former  position 
is  often  marked  by  these  elongate  vacuoles.  From  being  intracellular  as 
in  Figs.  3  and  6,  the  vacuoles  thus  l>ecome  intercellular  just  before  disap- 
pearing. 

On  about  the  twenty-fourth  or  twenty-fifth  day  the  cuticle  covers  the 
whole  surface  of  the  embryo.  No  cuticle,  however,  forms  on  the  surface  of 
the  pleuropodium,  the  elongate  peduncle  of  which  is  constricted  off  by  the 
developing  chitinous  secretion.  When  embryos  of  this  age  are  kept  for 
hours  or  even  days  in  h£ematoxylin  or  borax  carmine  and  then  washed,  it  is 
found  that  in  perfect  specimens  none  of  the  staining  fluid  has  penetrated 
the  cuticule;  the  embryo  is  still  yellowish  white,  with  a  brilliant  violet  or 
red  spot,  visible  to  the  naked  eye  just  behind  the  base  of  the  metathoracio 
leg  on  either  side  of  the  body.  This  is  the  pleuropodium,  the  only  portion 
of  the  embryo  which  has  been  stained  by  such  protracted  immersion. 

Examination  with  higher  powers  shows  that  the  pleuropodium  has  now 
become  very  irregular  in  outline.  [Fig.  8.]  The  old  boundaries  between  the 
prismatic  cells  have  disappeared.  The  apical  part  of  the  appendage,  still 
somewhat  bulbous  in  shape,  is  a  syncytium  through  which  the  nuclei  ap- 
pear to  be  migrating  toward  the  opening  of  what  was  formerly  the  pe- 
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duncle  but  which  has  now  broken  down  into  a  mass  of  cells  of  more  or  less 
irregular  outline  [Fig.  8  w.].  This  mass  of  cells  is  augmented  by  the  nuclei 
which  are  continually  leaving  the  bulbous  mass  of  protoplasm,  and  which, 
before  they  leave  it,  surround  themselves  with  an  irregular  body  of  cyto- 
plasm cut  from  the  large  mass  of  protoplasm.  This  process  continues  while 
the  whole  mass  of  cells  takes  on  various  forms.  Finally  it  spreads  out 
between  the  posteriorly  directed  metathoracic  leg  and  the  ventral  face  of 
the  abdomen.  Fig.  9  shows  a  section  through  the  remains  of  the  pleuro- 
podium  of  an  embryo  twenty-six  days  old.  The  nuclei  fail  to  stain  more 
deeply  than  the  protoplasm.  The  mass  pi  seems  to  be  the  remains  of  the 
bulbous  i)ortion  marked  pi  in  Fig.  8.  In  embryos  a  few  hours  older  no 
traces  of  the  organ  are  to  be  found.  Its  remains  probably  become  indis- 
tinguishable from  the  granular  plasmatic  secretion  which  is  found  in  coag- 
ulated masses  about  the  legs  and  mouth  parts  of  the  embryo.  This  granular 
plasma  was  originally  the  limpid  fluid  that  filled  the  cavity  of  the  amnion. 

It  will  be  seen  from  my  description  that  the  origin,  development  and  dis- 
solution of  the  pleuropodia  is  comprised  within  the  space  of  fifteen  days  — 
from  the  twelfth  to  the  twenty -seventh  day  of  the  whole  period  of  de- 
velopment, which  recjuires  about  a  month.  Within  these  fifteen  days  falls 
the  peculiar  phenomenon  of  revolution,  which  begins  on  the  fifteenth  and 
is  concluded  on  the  seventeenth  day.  Fig.  1  illustrates  the  lateral  view  of 
an  embryo  during  revolution.  [Sixteen  days  old.]  The  appendage  [ap.] 
has  reached  its  maximum  size  and  already  shows  the  constriction  which 
is  most  marked  a  few  days  later.  The  amnion  and  serosa  have  ruptured 
and  are  passing  back  over  the  large  mass  of  yolk.  The  serosa,  «,  witli  its 
large  flat  nuclei  is  contracting  away  from  the  ventral  and  posterior  por- 
tions of  the  yolk.  The  amnion,  a,  with  its  much  smaller  nuclei  still  covei-s 
the  ventro-lateral  faces  of  the  egg  in  contmuity  with  the  edge  of  the  dorsad 
growing  body-wall. 

For  a  more  complete  account  of  the  revolution  of  the  embryo  I  would 
refer  the  reader  to  a  former  i)aper  ['89(*J. 


Peri  planet  a  oriental  is.     L. 

(Plate  II,  Fi^'.  10.) 

So  great  has  been  the  difficulty  encountered  iu  roiuovin;;  the  largo  e;:^^s 
of  this  Blattid  froni  the  thick-walled  ootheo.i  iu  M'hich  ihey  are  de})osited. 
that  I  have  succeeded  in  securin  '  oiilv  a  fewadvanciMl  (Miil)rv(>s. 

As  would  he  expected  from  the  close  syst(Mnatic  atiiuities  of  the  insects, 
the  pear  shaped  pleuroj)odia  are  similar  to  those  of  Bhittn,  tlioii^h  tlie\  are 
somewhat  more  truncated  at  their  ends  an  I  attached  by  iniicli  shorter  and 
broader  ])eduncles  than  in  the  spe(!ies  dealt  with  above.  Fig.  10  represents 
a  longitudinal  section  through  one  of  tlie^e  appendages  as  it  a]>|»ear*^  in  a 
cross  section   through  the  middle  of  the  tir>t   a'.)  lomiiial   segment.     The 
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greater  portion  of  the  body  is  still  tilletl  with  yolk  [not  seen  in  the 
figure],  while  a  portion  of  the  mesoderm  has  been  converted  into  connective 
tissue,  ins.  The  pleuropodium  is  undergoinj?  defeneration.  We  have  seen 
that  in  Blatta  the  nuclei  of  the  huge  cells  so  characteristic  of  the  orj2:an  are 
at  first  distal  in  position,  but  that  they  gradually  wander  back  towards  the 
body  during  the  breaking  down  of  the  appendage  (Fig.  8).  A  like  migra- 
tion of  nuclei  seems  to  occur  in  Peviplam'ta,  though  I  cannot  affirm  this 
with  certainty  as  I  liave  seen  only  pleuropodia  in  tlie  stage  figured.  Cer- 
tain it  is,  however,  that  many  of  the  nuclei  lie  in  the  proximal  ends  of  the 
cells.  The  shape  of  cells  so  closely  applied  to  one  another  as  those  under 
consideration  must  be  determined  to  some  extent  by  the  i>06ition  of 
their  large  nuclei.  Now  in  Fig.  10,  the  broad  ends  of  the  cells  are 
directed  towards  the  body,  while  the  narrow  ends  converge  at  a  point  [t] 
in  the  distal  end  of  the  appendage.  This  is  probably  not  the  original  arrange- 
ment,  which  would  be  like  that  seen  in  BUitta  [Fig.  3].  In  order  to  reach 
the  condition  of  the  advanced  pleuropodial  cells  of  Periplaiwta,  from  the 
condition  seen  in  Blatta  in  a  younger  stage,  we  have  only  to  suppose  that 
most  of  the  nuclei  migrate  to  the  proximal  ends  of  their  respective  cells 
and  push  before  them  a  quantity  of  protoplasm;  in  this  way  the  cells  would 
become  rounded  oil  at  what  were  originally  their  pointed  ends,  and  taper 
to  thread  like  points  at  what  were  before  their  broad  distal  ends.  At  a;  two 
such  cells  are  seen  in  the  act  of  loosening  themselves  from  the  main  mass 
and  are  apparently  about  to  pass  into  the  body  cavity  through  the  broad 
lumen  of  the  peduncle.  The  cells  with  more  deeply  stained  nuclei  at  y, 
agreeing  with  the  cells  of  the  ectoderm,  ecd^  and  contrasting  with  the 
large  pleuropodial  cells,  seem  to  belong  to  the  common  ectoderm;  they  at 
first,  perhaps,  form  the  walls  of  the  peduncle  but  subsequently  pass  up  into 
the  appendage.  This  supposition  is  rendered  more  probable  by  their  per- 
ipheral position.  The  ends  of  the  large  cells  are  frecjuently  filled  with  and 
separated  from  one  another  by  vacuoles,  some  of  which  are  very  large  and 
conspicuous.  The  protoplasmic  reticulum  in  the  neighborhood  of  these 
vacuoles  has  the  striated  appearance  described  above  for  Blatta.  At  the 
distal  end  of  the  pleuropodium  the  protoplasm  is  less  compact  and  in  many 
of  my  sections,  like  the  one  figured,  spreads  out  in  an  irregular  granular 
mass  which  leaves  the  appendage  and  probably  joins  the  amniotic  coagulum. 
If  my  interpretation  of  the  few  stages  which  I  have  seen  is  correct,  the 
pleuropodia  of  Periplamita  disappear  partly  by  absorption  into  the  body  of 
the  embryo  and  partly  by  the  dissolution  of  their  outer  portions  be- 
tween the  IxKly  walls  and  the  egg-envelopes.  In  the  section  figured  the 
cuticle  [ct]  Is  formed  on  the  pleural  and  ventral  walls  of  the  abdomen, 
but  is  not  continued  over  the  surface  of  the  pleuropodium. 
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Mantis  Carolina,  L. 

(Plat«  II,  Fig.  11.) 

Mr.  T.  H.  Morgan  has  kindly  sent  me  some  of  the  embryos  of  this  inter- 
esting insect.  All  the  specimens  examined  were  in  a  stage  just  preceding 
the  rupture  of  the  embryonic  envelopes,  hence  almost  corresponding  with 
the  Blatta  embryo  figured  (Fig.  1).  The  pleuropo<lia  are  distinctly  visible 
in  surface  view  as  a  pair  of  narrowly  pyrif orm  evaginations,  partly  covered 
by  the  raetathoracic  legs  with  which  they  are  homostichous.  Their  tips  are 
directed  laterally,  while  the  ends  of  the  metathoracic  appendages  converge 
towards  the  median  ventral  line.  Each  pleuropodium  is  very  much  shorter 
and  narrower  than  the  legs  or  any  of  the  cephalic  appendages.  A  section  [Fig. 
11]  shows  that  the  organ  is  a  solid  body,  perhaps  best  described  as  a  narrow, 
pear-shai)ed  sack,  whose  thickened  walls  are  made  up  of  a  single  layer  of 
cells  and  whose  cavity  has  been  reduced  so  as  to  be  represented  by  a  line. 
The  cells  forming  the  appendage  have  the  form  of  curved  pyramids;  their 
broad  bases  form  the  outer  surface  and  their  gradually  tapering  apices 
converge  from  all  sides  towards  the  central  line  representing  the  obliter- 
ated cavity.  These  cells  differ  only  in  shape  from  those  of  the  ectoderm  of 
the  body  walls  and  other  ap|>endages:  the  size  and  reactions  of  the  nuclei 
together  with  the  quantities  of  cytoplasm  surrounding  them  are  essentially 
the  same  in  the  elements  of  both  the  body  walls  and  pleuropodia.  In  the 
pleural  wall  [ecd]  the  nuclei  are  arranged  in  about  three  irregular  rows; 
just  at  the  insertion  of  the  pleuropodium,  however,  there  is  only  one  row, 
a  fact  indicating  that  the  appendage,  which  was  very  probably  hollow  in  a 
preceding  stage,  had  its  lumen  shut  off  from  the  body  cavity  by  the  in- 
trusion  of  a  layer  of  ectoderm  cells  at  x.  Not  having  studied  more  ad- 
vanced embryos,  I  am  unable  to  state  anything  in  regard  to  the  manner  in 
which  the  pleuropodia  degenerate.  The  fact  that  these  organs  are  small 
and  solid  and  that  their  component  cells  differ  in  no  way  from  the  ecto- 
dermic  elements  of  the  body  walls  and  other  ap]>endages,  is  sufficient  proof 
that  the  pleuropodia  of  Mantis  are  mere  rudiments. 

In  Mantis  Carolina  there  are^distinct  appendages  on  at  least  the  second, 
third  and  fourth  abdominal  segments,  but  none  of  these  in  my  embryos 
had  developed  beyond  the  mammillate  stage.  Graher  ['88]  has  observed 
on  the  second  abdominal  segment  of  an  European  Mantis  a  pair  of  api>end- 
ages  shaped  very  much  like  the  pleuropodia  on  the  basal  segment.  As 
these  do  not  occur  in  all  embryos  of  the  European  species,  and  as  the  embryos 
of  the  American  si)ecies  examined  by  me,  were  all  taken  from  a  single 
capsule  and  hence  deix)sited  by  a  single  female,  I  cannot  feel  certain  that 
this  second  pair  of  pleuroj>odia  is  always  or  even  normally  absent. 
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Xiphidiiun  ensiferum,  Scud. 

CPlate  a.  Fig.  12,  13,  14.) 

The  oQtogeny  of  this  interesting  insect  presents  a  remarkable  and  ap- 
parently isolated  retention  of  many  annelid  traits.  Among  other  peculari- 
ties  there  is  developed  in  an  early  stage  a  large  and  rounded  preoral  disk 
between  the  procephalic  lobes,  making  the  head  of  the  embryo  resemble  a 
clover  leaf.  This  preoral  disk  is  soon  completely  constricted  off  from  the 
body  of  the  embryo  proi>er,  and,  moving  forward  a  short  distance,  gives 
rise  to  two  cellular  envelopes.  The  movements  of  the  embryo  in  relation  to 
the  yolk  also  differ  markedly  from  anything  heretofore  described  in  insect 
development.  As  I  shall  devote  a  special  pai)er  to  a  description  of 
the  development  of  the  Xiphidium  embryo,  I  will  here  jonfine  my 
attention  to  the  pleuropodia  which  are  ijuite  as  prominently  developed  as 
in  other  Orthoptera. 

The  embryo  when  first  formed  on  the  convex  surface  of  the  curved 
elongate-  oval  egg,  resembles  very  closely  the  Blatta  embryo  which  I  have 
figured  in  a  corresponding  stage  ['89<;,  Plate  XVII,  Fig.  45],  The  appendages 
of  the  first  abdominal  segment  arise  as  in  Blatta^  but  as  soon  as  the  differen- 
tiation of  their  component  cells  sets  in,  a  great  difference  between  the 
Blattid  and  Locustid  pleuropodia  becomes  apparent.  Each  of  the  modified 
appendages  becomes  bulbous  and  constricted  into  a  peduncle  at  its  base; 
the  contour,  however,  is  not  evenly  rounded  but  somewhat  angular.  The 
distal  end  of  the  sack  terminates  in  a  point  Sections  show  that  the 
cavity  of  the  organ  is  very  large  [Fig.  12,  cv.]  while  the  cells  forming  the 
walls  are  consequently  reduced  to  short  and  broad  prisms.  Their  cytoplasm, 
though  still  distinctly  granular,  is  paler  than  that  of  the  ectoderm  cells  of 
the  thoracic  appendages  and  body  walls.  The  nuclei,  too,  stain  much  less 
deeply  than  the  much  smaller  nuclei  of  the  remaining  ectoderm,  presum- 
ably because  the  quantity  of  cytochylema  is  relatively  much  greater,  while 
the  amount  of  chromatin  in  the  modified  and  unmodified  ectoderm  re- 
mains approximately  constant.  At  first  the  large  cavity  of  the  pleuropodium 
communicates  with  the  body  cavity  by  means  of  a  canal  through  the 
peduncle:  later  this  communicatiou  seems  to  be  completely  cut  off  by  the 
disappearance  of  the  lumen. 

While  the  cells  of  the  pleuropodia  are  differentiating  to  reach  the 
stage  figured  [Fig.  12]  and  described,  the  embryo  passes  through  the 
yolk  backwards  and  emerges  tail  first  on  the  concave  surface  of  the  q^^. 
Here  it  grows  considerably  and  then  during  revolution  passes  around  the 
posterior  pole  of  the  e^g  and  again  makes  its  appearance  on  the  convex 
surface  of  the  yolk.  During  the  time  that  the  embryo  is  going  through 
these  peculiar  maneuvers,  the  pleuropodia  reach  their  maximum  size  and 
advance  towards  the  pleurae.  Henceforth  they  diminish  in  size  while  their 
peduncles  become  thinner.     The  oldest  embryos  examined  had  their  eyes 
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pigmenteiland  weren>acl;  to  escape  from  their  envelopes.  When  the  chorion 
WBA  removed,  the  serosa  aad  first  uutiole  were  found  coveriag  the  embryo, 
the  hypodermia  ot  wliich  had  already  secreted  a  second  chitinoua  Iay«r. 
The  ehninken  but  at[Il  conspicuous  pleutofiodia  were  attached  to  th» 
pleuric  laterad  and  close  to  the  iniswtion  of  the  soltatoriat  leg.  A 
dark  brown  granular  subit&Dce  was  collected  in  large  mosses  over  the  head 
of  the  embryo,  in  the  spaces  betweeen  the  legs  and  the  envelopes  and  on 
the  surface  uf  the  pleuropodia,  both  of  which  were  eaaUy  torn  from  the 
body  wid  left  adhering  to  the  serosa  and  first  cuticle.  To  these  merobraneft 
alao  adhered  much  of  the  gr&tlulAr  dark  browb  decretii^n.  When  I  at- 
tempted to  stain  embryos  still  in  possession  of  their  pleuropodis,  I  made 
the  same  obeervation  as  on  BlaVa  embryos  of  the  oorresponding  stage: 
the  pleuropodia  were  colored  but  the  chitinous  covering  of  the  remainder 
of  the  body  prevented  the  stain  from  entering  the  subjacent  tissues.  Sec- 
tions through  the  first  abdominal  segment  of  embryos  in  this  advanced 
stage  [Figs.  13  and  14]  show  that  the  peduncle  of  each  pleuropodium  b 
much  attenuated  and  inserted  on  the  cuticle  at  tiie  bottom  of  a  rather  deep 
pit  in  tlie  pleonil  hypodoreois  [ecd.].  The  appendage  istlierefore  cut  i^ 
from  the  Uving  tissues  of  the  body  and,  being  very  loosely  attached,  ia 
easily  shed  by  the  embryo  during  the  movements  preparatory  to  batching, 
A  section  through  the  broad  portion  of  the  organ  in  the  present  stage  [Fig, 
14]  when  compared  with  a  section  of  the  organ  in  its  prime  [Fig.  13]  shows 
tlie  extent  of  dissolution.  The  cell  boundaries,  faint  but  still  perceptible 
in  Fig,  13,  have  now  disappeared  and  the  organ  has  become  a  syncytium. 
Thone  jKirtiotis  of  the  oytoplnam  which  liorder  the  centrAl  cavity  Jcw.J  are 
filled  with  numerous  vacuolesof  different  sizes.  The  nuclei  have  lost  their 
regular  arrangement,  and  in  many  cases  also  their  evenly  oval  contours; 
their  cytoplasm  stains  mure  deeply  and  their  chromation  is  aggregated  to 
form  larger  masses.  The  granularsecretion  [s]  surrounding  the  organ  and 
filling  such  si)aces  as  are  left  between  the  embryo  und  its  envelopes  stains 
deeply  in  hcematoxyliu  and  seems  to  be  a  later  formation  than  the  homo- 
geneous secretion  indicated  at  as  in  Fig.  12,  between  the  amnion  and  body 
of  the  younger  embryo.  The  abundance  of  this  granular  substance  cling- 
ing to  the  walls  of  the  shrunken  pleuropodia  and  heaped  about  the  legs  in 
the  immediate  vicinity  would  seem  to  indicate  that  it  is  to  be  regarded  as 
a  secretion  of  the  pleuropodia  or  of  one  of  the  embryonic  envelopes  and 
not  as  the   decomposed  amniotic  secretion. 

Cicada,  septemdecim.    Fabr. 

(Plata  a.  Flffi.  \9  Mia  ».) 

Host  entomologists  are  familiar  with  the  small  ova  deposited  by  this 
noxious  Homopteron  in  short  parallel  rows  in  the  twigs  of  our  native  trees. 
The  eggs  are  translucent,  so  that  the  stages  of  embryos  killed  in  Carney's 
fluid  heated  to  70*  C,  which  renders  the  yolk  transparent  and  the  embryo 
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opaque  white,  may  be  readily  recognized  before  sectioning.  It  is  difficult 
to  remove  the  chorion  without  seriously  damaging  the  egg,  so  that  sections 
are  best  stained  on  the  slide.  The  development  is  very  much  like  that  of 
ApJiis  as  described  by  Will.  ['SS.]  This  need  not  surprise  us  when  we 
stop  to  ronsider  the  close  relationship  of  the  Phytophthora  and  Homoptera. 

In  the  earliest  stage  examined  the  embryo  was  found  in  the  middle  of 
the  yolk,  with  the  thoracic  appendages  just  making  their  appearance,  and 
the  thin  amnion  so  closely  applied  to  the  ventral  plate  as  to  be  difficult  of 
detection  in  some  sections.  The  embryo  is  quite  straight,  exhibiting  little 
of  the  pronounced  curvature  of  the  Aphis  embryo. 

In  a  later  sta  ;e  when  the  thoracic  and  cephalic  appendages  are  well 
established,  no  ai)pendages  are  to  bo  observed  on  the  abdominal  segments, 
sections  through  which  show  that  the  ventral  surface  is  very  flat,  without 
even  the  bulgings  that  have  frequently  been  mistaken  for  rudimental  ap- 
pendages. In  a  cross  section  through  the  middle  of  the  first  abdominal 
segment  [Fig.  20]  there  is  seen  at  the  points  corresponding  with  the  places 
of  evagination  of  the  mctathoracic  appendages  of  the  preceding  segment, 
a  pair  of  ectodermic  thickenings  [ctp].  The  cells  of  these  thickenings  as 
shown  by  the  curvature  of  their  nuclei  are  aggregated  somewhat  like  the 
segments  of  an  orange.  The  long  axes  of  all  the  ectoderm  cells  are  in  this 
stage  directed  dorso-ventrally.  I  have  for  the  sake  of  em[)hasis  repre- 
sented the  thickenings,  which  for  reasons  given  belrw^,  I  believe  to  be  true 
homologues  of  the  evaginated  pleuropodia  of  other  insect  embryos,  as 
paler  than  the  cells  of  the  surrounding  ectoderm,  though  in  reality  no  such 
differentiation  has  as  yet  set  in.  In  the  section  figured  a  slight  depression 
marks  the  convergence  of  the  outer  ends  of  the  pleuropodial  cells. 

During  the  revolution  of  the  embryo  the  pleuropodium  reaches  its  full 
size  and  presents  in  section  the  appearance  of  Fig.  19  ap.  It  is  ea'^y  to  see 
how  this  organ  originates  from  an  orange  shaped  [cluster  of  cells  like  that 
just  described.  The  ectodermic  elements  increase  greatly  in  length  and 
assume  the  form  of  curved  pyramids  with  their  tapering  apices  attaining 
the  surface  of  the  body  and  their  broadened  nuclear  ends  projecting  into 
the  body  cavity.  The  outer  and  attenuated  en  is  of  the  colls  are  uniformly 
hyaline  and  stain  very  faintly  in  borax  carmine.  The  cytoplasm  of  th*^ 
inner  ends  is  granular  like  that  of  the  remaining  ectoderm,  [ocd.]  The 
nuclei  of  the  pleuropodium  seem  not  to  dilTer  in  their  finer  structure  from 
the  nuclei  of  the  general  ectoderm.  They  are  frequently  triangular  or  vi- 
olin-shaped \)oih  in  the  pleuro|)odium  and  in  the  undifferentiated  ectoderm. 
The  only  difference  is  one  of  position:  the  nuclei  of  the  boiiy  wall  lie  at  right 
angles  to  their  former  position.  A  granular  mass,  the  amniotic  secretion, 
fills  the  space  between  the  body  walls  and  the  egg  membranes  [ch.]  In  one 
place,  however,  this  mass  is  replaced  by  one  of  a  different  nature,  a  glairy, 
homogeneous  and  vacuolated  substance  [s]  of  irregular  though  rounded 
outline,  firmly  attached  to  the  attenuated  tips  of  the  pleuropodial  cells. 
This  homogeneous  mass,  which  stains  pink  in  borax  carmine,  is  often  more 
7— A.  &  L. 
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globular  than  as  represented  in  the  fijj^ure,  and  is  often  separated  from  the 
granular  amniotic  secretion  by  a  clearly  defined  space,  proving  that  one  or 
both  of  the  secretions  contract  under  the  influence  of  the  reagents  em- 
ployed. From  the  constancy  of  its  occurrence  and  the  manner  of  its  adhe- 
rence to  the  outer  surface  of  the  pleuropodium,  I  do  not  hesitate  to  regard 
the  homogeneous  mass  as  a  secretion  of  the  pyramidal  cells.  It  seems 
to  consist  of  an  albuminoid  substance;  the  vacuoles  which  it  contains  may 
be  artefacts.  Not  having  examined  it  in  fresh  embryos,  I  was  unable  to 
learn  anything  more  concerning  its  physical  or  chemical  nature. 

A  somewhat  more  advanced  embryo  was  examined  in  surface  view  after 
staining  with  Ehrlich's  hiiematoxvlin.  The  presence  of  the  pleuropodium 
was  distincly  indicated  on  each  pleura  of  the  first  abdominal  segment  near 
the  insertion  of  the  metathoracic  leg,  by  a  clear  circular  area  surrounded 
by  a  dark  ring.  The  clear  area  I  take  to  be  the  cluster  of  hyaline  ci^ll-tips; 
the  appearance  of  a  dark  circle  is  probably  due  to  the  ectoderm  cells  seen 
in  section  at  o  o  together  with  the  nucleated  ends  of  the  subjacent  pleuro- 
podial  cells. 

In  Cicada  embryos  nearly  ready  to  hatch  the  pleuropodia  are  not  to  be 
found.  The  pyramidal  cells  grow  pale  and  irregular,  finally  fall  asunder 
and  are  probably  absorbed.  The  ectoderm  cells  at  o  o  grow  over  the  small 
area  formerly  occupied  by  the  hyaline  cell-tips  to  complete  the  pleural  wall. 

Although  the  pleuropodia  of  Cicada,  being  invaginated  thickenings  of  the 
ectoderm,  differ  considerably  from  the  evaginated  pleuropodia  of  the 
Orthoptera,  I  believe  that  I  am  justified  in  regarding  both  forms  as  homo- 
logues.     Tiie  facts  which  make  for  this  homology  are  the  following: 

1.  The  pleuropodia  of  Ciciu.ht  are  of  purely  eeto«lerinic  origin. 

2.  They  jippoar  only  on  the  first  al)doLainal  segment. 

8.  Tliey  are  at  first  liomostichous  witli  tiie  thonicie  an«l  cephalic  ap- 
pendages. 

4.  Their  cvt()lo:<ical  structure  closelv  resembles  lliat  of  some  eva«rinate 
pleuropodia;  tlie  sli;ipes  of  tlie  component  cells  with  reference  to  the  sur- 
face of  the  body  being  merely  reversed.  Compare  the  pleuropodia  of 
Mantis  carol iiiu.     [Fig.  11.  J 

5.  Their  greatest  development  is  attained  during  the  revolution  of  the 
embryo. 

6.  They  move  away  from  the  median  ventral  line  of  the  embryo  and 
take  the  siime  position  on  the  pleurae  as  the  evaginated  pleuropodia  of  the 
Orthoi)tera  and  Coleoptera. 

7.  They  atrophy  and  disappear  before  the  embryo  hatches. 
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Zaitha  fluminea,  Say.  * 

[Plates  Fi^s.  17  and  18. 1 

Of  this  form  I  liave  examined  only  embryos  in  tlie  stages  immediately 
preceding,  during,  and  after  revolution.  Just  before  revolution  the  embryo 
lies  on  one  face  of  the  yolk  witli  its  amnion  and  serosa  in  contact  and  not 
separated  bj'  a  layer  of  the  vitellus  as  in  most  of  the  Hemiptera  whose  on- 
togenies have  been  studied.  Henco  Zaitha  would  seem  to  resemble  the 
Orthoptera  and  Coleoi)tera  in  its  manner  of  embryo  formation.  The  stages 
which  I  have  studied  show  only  the  fully  develo])ed  pleuropodia:  I  can, 
therefore,  assert  nothing  in  regard  to  the  process  whereby  these  organs 
originate  and  disappear,  although  their  resemblance  when  fully  formed  to 
the  pleuropodia  of  Cicada  renders  it  highly  probable  that  the  beginning 
and  end  of  their  development  are  no  less  similar  to  those  ol>served  in  the 
Homopteron. 

In  Fig.  17  I  have  represented  half  a  cross-section  through  the  first 
abdominable  segment  of  an  embryo  during  revolution.  The  ectoderm 
[ecd]  of  the  dorsal  surface  in  the  neighborhood  of  the  heart  [cb]  is  much 
thinner  than  the  ectoderm  laterad  to  the  large  ganglion  [gl].  In  one  place 
near  the  large  pleural  fold  filled  with  adipose  cells  [ad]  the  entoderm  is 
greatly  thickened  to  form  a  bulbous  organ  which  is  to  be  regarded  as  a 
pleuropodium.  The  cells  composing  it  are  greatly  elongated,  being 
three  or  four  times  as  long  as  tlie  tliickest  ectoderm  cells  of  the  ventral 
body  wall.  It  is  also  seen  that  a  great  number  of  cells  take  part  in  the 
formation  of  the  Z(/i7/itt  pleuropodium  while  but  very  few  go  to  make  up  the 
same  organ  in  Cicada.  In  the  water-bug  the  rounded  inner  face  of 
the  pleuropodium  projects  as  far  as  the  yolk  and  presents  at  irregular  in- 
tervals a  few  flattened  mesodermic  elements  [cwj.  The  inner  ends  of  the 
long  cells  are  coarsely  granular,  their  outer  ends  uniformly  hyaline. 
Their  nuclei  are  but  little  larger  than  the  nuclei  of  the  body  walls.  The 
delicate  hyaline  cell-tips  converge  to  form  a  flat  surface  which  is  covered 


*  The  eggs  of  this  si>45cies  were  given  im;  by  Dr.  W.  Patten  as  the  eggs  of  an  aquatic 
Hemipteron,  which  from  his  deM.'ription  I  took  to  be  a  Nepa,  and  mentioned  it  as  such  in 
my  preliminary  notes  C*fJ9a  "iSdh).  The  species,  however,  can  be  no  other  than  our  com- 
mon Zaitha  flumineay  Say,  for  I  now  remember  Dr.  Patten  telling  me  that  he  found  the 
eggs  attached  to  the  hemielyti'a  of  the  female.  Ttiis  habit,  according  to  (Jhler  (article 
Hemiptera,  Standard  Natural  History  Vol.  II,  p  258,  1884)  is  sharetl,  so  far  as  their  liabita 
have  been  observeil,  by  all  the  species  of  this  exclusively  American  genus.  The  female 
Jfepa  attaches  her  eggs  to  aquatic  plants.  The  chorio»of  the  egg  is  smooth  and  unorna- 
mented  in  Zaitha,  while  the  egg  of  NejM  has  at  one  end  seven  hair-like  radiating  pro- 
cesses,  which,  according  to  E.  v.  Ferrari,  make  the  egg  resemble  the  seed  of  Carduua 
benedictwt.  (Die  Hemipt«-ren-Oattung  Nepa^  Latr  (sens,  natur.)  Annalen  d.  K.  K.  naturhist. 
Hofmuseums.    Bd.  Ill,  No.  H.    Wlen  u-J  *.; 

I  hasten  to  correct  my  mistake,  as  the  species  of  Xepa  and  Zaitha  are  not  only  gener« 
Ically  distinct,  but  belong  to  different  families:  the  former  to  the  Nepidce,  the  latter  to  the 
Belo9tomatid€B. 
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by  a  broad  pencil  of  refractive  threads  [a]  which  is  to  be  regarded  as  the 
secretion  of  the  pleuropodial  cells.  In  Fig.  18  three  of  these  curious  cells 
are  represented  as  they  appear  under  a  magnification  of  about  900  diam- 
eters. The  inner  ends  which  stain  deeply  in  borax  carmine  contain  a  num- 
ber of  very  coarse  granules  among  which  are  interspersed  a  multitude  of 
finer  ones;  the  granules  diminish  in  number  beyond  the  oval  nuclei  and 
have  completely  disappeared  in  the  gradually  tapering  outer  ends  of  the 
cells  [1],  These  ends  are  not  affected  by  the  stain.  Each  cell-tip  is  capped 
by  a  refractive  thread,  which  nearly  or  quite  equals  the  cell  in  length  and 
may  often  be  split  into  two  or  three  branches.  Usually  the  line  which 
separates  the  cell*  tips  from  the  threads  which  cap  them,  is  distinctly 
marked  as  in  Fig.  17  and  at  z  in  Fig.  18.  I  have,  however,  found  num- 
erous cases  where  no  such  line  could  be  detected,  the  hyaline  cell -tips  pass- 
ing without  interruption  into  the  long  refractive  threads.  The  minute 
structure  of  the  nuclei  resembles  that  of  the  pleuropo<lial  nuclei  of  Blatta, 
Through  the  faintly  stainable  caryochylema  runs  a  chromatic  reticulum, 
the  nodes  of  which  are  irregular  and  much  thickened.  The  nucleolus  has 
little  affinitj  for  staining  fluids  and  is  probably  to  be  relegated  to  Camoy^a 
class  of  **  nucleoles  plasmatiques." 

Sialis  infumata,  Newm. 

This  Neuropteron  oviposits  on  the  leaves  of  plants  overhanging  the 
water.  The  eggs  are  arranged  in  regular  rows,  with  their  stem  shaped 
micropyles  directed  upwards.  The  embryos  are  so  small  that  it  is  diffi- 
cult to  obtain  good  surface  views;  still  I  have  been  able  to  satisfy  myself 
that  the  first  abdominal  segment,  at  about  the  time  of  revolution,  presents 
a  pair  of  conical  evaginated  pleuropodia,  which  lie  somewhat  outside  of 
the  line  of  the  thoracic  legs.  In  my  sections  I  could  detect  neither  a  dif- 
ferentiation of  the  cells  nor  diverticula  of  the  body-cavity  extending 
into  thene  appendages.  The  apparent  solidity  of  the  organ  may  have  been 
due  to  the  thickness  and  the  plane  of  my  sections. 


PART  SECOND. 

OnjUotalpa  vuUjaris.     L. 

The  pleuropodia  of  the  mole-cricket  were  observed  as  early  as  18-14  by 
Rathke  ['44]  who  described  them  as  umshroom-sliaped  bodies.  Many 
years  later.  Korotneff  ['85]  in  his  acxount  of  the  general  embryology 
of  (iryllotaJpa  figured  and  described  the  same  organs  more  at  length. 
According  to  this  author  they  arise  as  button-shaped  prominences,  not  in 
line  v.th  the  other  appendages  but  laterad  to  them.  Their  outline  in  sec- 
tion rcoc^l  l«'s  *hat  of  a  mushroom  and  they  are  seen  to  consist  of  succu- 
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lent  [saf tigen]  cellfl.  Later,  when  the  back  of  the  embryo  has  closed  over, 
these  appendages  atrophy  [**  gehen  zu  Grunde**].  They  fall  off  and  dlsap* 
pear  completely.    ['*  Sie  fallen  spurlos  ab  *']. 

It  may  be  doubted,  judging  from  observations  on  other  Orthoptera, 
whether  the  pleuropodia  arise  laterad  to  the  other  appendages.  Probably 
the  earliest  stages  in  their  formation  escaped  Korotneff,  His  last  observa« 
tion,  viz. :  that  the  pleuropodia  fall  off,  is  quite  definite,  and,  if  based  on 
observation,  precludes  their  possible  disappearance  by  absorption. 


Oecanthus  nivetis,  Serville. 

The  second  insect  in  which  pleuropodia  were  described  was  Oecanthus 
niveus,  Ayers  [^84]  while  pursuing  the  general  ontogeny  of  this  Gryllid 
was  evidently  impressed  with  the  interest  attaching  to  these  organs;  hence 
the  more  complete  account  which  I  reproduce  in  full; 

**  The  respiratory  function  of  the  embryo  is  first  indicated  at  the  time  of 
revolution  by  the  appearance  of  paired  lateral  outgrowths  of  the  ectoderm 
from  the  pleural  region  of  the  .first  abdominal  segment.  These  gills  or 
respiratory  organs  come  to  lie  just  behind,  but  dorsad  of  the  base  of  the 
third  thoracic  appendage.  In  outline  tliey  are  broadly  oval  or  kidney- 
shaped  and  are  united  to  the  body  by  a  short  peduncle  springing  from  the 
center  of  that  face  of  the  disc  which  is  in  contact  with  the  body  of  the 
embryo.  These  folds  are  cellular  structures  and  at  different  periods  are 
solid  or  hollow.  The  cells  of  the  folds  earlv  lose  their  ectodermic  charac- 
ters  and  become  somewhat  larger  than  those  of  the  adjacent  body  wall. 
In  the  fresh  condition  they  api)ear  enucleate  and  coarsely  granular,  but 
upon  treatment  with  osmic  or  acetic  acid  a  nucleus  is  distinctly  visible. 
In  surface  view  there  is  to  be  seen  a  clear  central  area  which  indicates  the 
position  of  the  internal  cavities  of  the  gill.  These  cavities  are  continuous 
with  the  body  cavity  and  probably  serve  as  channels  through  which  the 
vascular  fluid  circulates  They  vary  in  shape  and  relative  proportions. 
The  relations  of  these  appendages  to  the  body  is  best  seen  in  sections.  The 
outgrowing  flap  is  here  seen  to  project  over  an  invagination  immediately 
below  it  and  in  some  instances  to  become  apposed  so  closely  to  the  body 
wall  as  to  convert  the  open  pocket  into  a  closed  canal.  In  its  middle  part, 
where  the  fold  fuses  with  the  body,  its  cells  are  separable  into  two  irregular 
layers  which  correspond  to  the  two  primitive  plates  of  the  fold,  but  they 
fuse  completely,  or  become  widely  separated,  in  the  free  portion  of  the 
pad.  These  appendages  reach  their  greatest  degree  of  development  soon 
after  the  revolution  of  the  embryo,  and  then  gradually  atrophy,  entirely 
disappearing  before  the  complete  closure  of  the  body  walls.  In  sections  of 
the  gill  organ  before  its  atrophy  [or  absorption]  one  finds  both  distinct 
•canals  and  lacunar  spaces,  which  radiate  from  the  point  of  connection  of 
the  pad  with  the  body,  and  these  together  with  the  arrangement  of  the 
cells  give  the  radiate  structure  characteristic  of  the  fresh  gill.    The  canals 
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are  generally  circular  in  section  and  pursue  irregular  courses  throughout 
the  cell  substance,  while  the  spaces  are  developed  by  the  separation  of  ad- 
jacent cell  walls  and  are  irregular  in  outline  and  occur  at  vary  ing  distances 
from  each  other.  The  gill  pad  is  essentially  a  single  layered  sac,  with  a 
much  constricted  neck,  evaginated  from  the  pleural  region  of  the  abdomen. 
The  protruding  organ  is  flattened  against  the  body  of  the  embryo  and  by 
this  means  the  cells  are  rendered  spindle-shaped.  The  nucleus  of  each  cell 
lies  in  that  part  of  its  cell  which  is  farthest  from  the  constriction  of  the 
organ.  The  cell  wall  gradually  tapers  to  a  point  and  ends  near  the  neck. 
The  cells  are  bent  in  various  ways  depending  upon  the  relations  of  their 
nuclei  to  the  wall  of  the  pad." 

Ayers  seems  not  to  have  recognized  the  identity  of  the  abdominal  ap- 
pendages and  what  he  calls  the  **  gill-pads."  On  plate  18  he  figures  [Figs. 
8, 19,  20,  23,  ab.  p.]  the  first  pair  of  abdominal  appendages  as  digitiform 
and  arising  in  a  line  with  the  thoracic  and  remaining  abdominal  appenda- 
ges. In  Fig.  20  these  organs  are  seen  with  tips  directed  outward,  while 
the  ends  of  ttie  thoracic  appendages  converge.  Concerning  the  abdominal 
appendages  he  writes: 

**  Soon  after  the  mesoderm  has  extended  into  the  hollow  appendages^ 
there  appear  successively  a  varying  numl^er  of  abdominal  protuberances 
exactly  similar  to  the  maxillary  and  thoracic  appendages  in  their  earliest 
stage  of  growth.  Of  these  only  two  jiairs  ever  reach  any  considerable  de- 
gree of  development,  they  are  the  first  and  the  last  aMominal.  The  for- 
mer grows  to  the  length  of  the  mature  mandibles  and  then  atrophies.  It 
varies  in  shape  from  a  finger-like  process  [pi.  IH,  fig.  17]  to  a  lobed  out- 
growth, and  in  the  later  stages  is  covered  by  the  hist  tlioracic  appendage.'* 

The  last  sentences  imply  that  the  or^an  undergoes  dissolution  in  situ  and 
this  is  further  sustained  by  Fig.  22,  where  what  would  seem  to  be  the  ir- 
regular remains  of  the  api)endage8  are  seen  through  the  translucent  meta- 
thoracic  legs.  Evidently  Ayers  lost  sight  of  the  appendages  after  they 
had  been  covered  by  the  last  tlioracic  legs  and  when  they  passed  out  from 
under  these  and  made  their  appearance  as  enlarged  and  [)eculiarly  UKxlified 
organs  high  up  on  the  pleural  wall,  they  were  regarded  as  organs  having 
no  relation  to  the  abdominal  api)endages.  Ayers  no  longer  leitei"s  the  ap- 
pendages withab.  p.,  but  ,with  a  new  reference.  A,  and.  wliat  is  more  con- 
clusive, says  that  the  pleuropodium  '*  is  essentially  a  single-hiyered  sac 
with  a  much  constricted  neck,  evaginated  from  the  pleural  region  of  the 
abdomen." 

The  section  of  the  "  gill"  described  and  figured  by  Ayers  [Figs.  13  and 
14,  pi.  22]  "before  its  atrophy  [or  absorption]''  shows  the  cells  after  the 
setting  in  of  degeneration.  The  figures  are  in  eveiy  way  comparable 
to  the  figure  which  I  have  given  of  Periplaneta  (see  above,  page  92,  also 
fig.  19,  Plate  II).  Fig.  14  shows  the  dorsal  wall  of  the  embryo  covered 
over  and  tlie  heart  completed,  a  stage  in  which  the  pleuropodia  have 
passed  beyond  their  maximum  development  which  is  attained  just   before 
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or  during  revolution.  The  canals  and  spaces  alluded  to  in  Aycrs  descrip- 
tion are  exactly  like  those  seen  in  Per'ndtnwta  in  the  corror»ix>nding  stage, 
and  must  not  Ik?  regarded  as  delicate  ramifications  of  the  body  cavity  but 
aa  irregular  spaces  1  in »duceil  by  the  fallin;^  asunder  of  the  columnar  cells. 
They  are  prolwibly  identical  with  the  intercellular  vacuoles  seen  in  the  de- 
generating pleuro[>odia  of  Blatta  and  Periplaneta.  Had  Ayers  passed 
sections  through  the  pleuropodia  of  Oernnthvs  Iwfore  the  setting  in  of 
dissolution,  his  description  would  have  been  different  and  very  prolmbly 
like  what  I  have  given  for  Xiphidium, 


Stetiobothrus. 

Oraber  briefly  described  the  pleuropodia  of  this  Acridian  in  his  paper  on 
polypody  [*88].  In  a  more  recent  article  ['89J  he  gives  a  fuller  description 
which  I  reproduce: 

"  Each  of  the  pleuropodia  of  Stenobothnis  at  the  time  of  its  greatest  de- 
velopment lies  on  the  pleural  wall  of  the  first  abdominal  segment  about 
where,  in  later  life,  the  tympanal  apparatus  is  situated.  It  is  a  flat* 
tened  biscuit- sliaped  body  about  1  mm.  in  diameter.  While  the  remainder 
of  the  body  wall  remains  destitute  of  pigment  till  the  insect  hatches,  the 
pleuropodia  acquire  a  brownish  hue.  Of  the  same  color  also  is  a  finely 
granular  coagulum  partly  glued  to  the  skin  in  the  immediate  neighbor- 
hood of  the  pleuropoilia  and  the  legs.  In  sections  the  organs  present  a  wide 
cavity  which  oi)ens  by  meiins  of  a  short  and  rather  broad  passage  into  the 
body  cavity.  In  some  sections  a  few  cells,  probably  interpretable  as  blood 
corpuscles,  are  to  be  found  in  the  cavity;  in  other  sections  these  cells  are  ab- 
sent. The  large  celU  of  the  outer  wall,  which  in  this  insect  also  are  enorm- 
ously developed,  are  especially  interesting,  as  they  are  so  filled  with  yellowish 
granules  that  the  whole  outer  wall  of  the  sack  presents  the  api>earance  of 
a  brownish  yellow  plate.  These  granules  are  visible  even  in  Canada 
balsam  preparations.  Closer  observation  shows  that  the  above  mentioned 
coagulum  in  the  vicinity  of  the  pleuroiK)dia  and  legs  contains  yellow 
granules  very  similar  to  those  contained  in  the  cells  and  thus  justifies  the 
conclusion  that  this  coagulum,  at  least  in  part,  is  secreted  by  the  pleuro- 
podial  cells,  the  outer  surfaces  of  whicli  are  not  covered  by  a  chitinous 
cuticle.'* 

Blatta  germanica,  L. 

Patten  was  the  first  investigator  to  describe  the  pleuropodia  of  Blatta 
germanica  ['84].     His  observations  are  summed  up  in  the  following  words: 

"At  first  a  number  of  abdominal  appendages  are  developed  which,  how- 
ever, quickly  disappear  again  with  the  exception  of  the  first  pair,  which 
further  develops  into  x^ear-shaped  structures  attached  to  the  abilomen  by  a 
stem  that  increases  in  length  and  finally  changes  into  a  very  fine  duct 
leading  into  a  small  cavity  in  the  expanded  distal  extremity,  which  owes 


■    ^ 
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its  flise  to  thiB  derelopment  of  extremely  high  ectoderm  cells.  Kb  meaodem 
enterBinto  tbe  construction  of  the  peculiar  organ  which  in  the  later  stages 
of  development  di8iq;>peaz8  efttirelj." 

ChoU)dkovakif''9  paper  [* 89]  which  in  respect  of  the  pleuropodia  ci 
Blatta  adds  but  little  to  Patten^M  description,  appeared  several  months  after 
laj  account  of  these  organs  was  written.  After  describing  the  origin  of 
the  different  appendages,  the  Russian  observe  passes  to  a  more  detailed 
description  of  the  first  abdominal  pair. 

"  While  the  ectoderm  cells  keep  increasing  in  length  in  the  first  abdom- 
inal appendages,  those  of  its  constricted  basal  portion,  on  the  contraxy, 
beccmie  somewhat  shorter.  As  a  consequence  of  these  changes  the  abdom- 
inal appendage  assumes  the  shape  of  a  pear  attached  to  tho  body  by  means 
of  a  slender  stem  only.  The  greater  portion  of  such  an  appendage  consists 
of  very  long  and  narrow,  almost  fusiform  ectoderm  cells,  which  with  their 
broadening  distal  ends  form  the  surface  of  the  appendage,  while  their 
proximal  ends  narrow  towards  the  peduncle.  The  cells  are  very  closely  Bp- 
plied  to  one  another,  and  there  is  no  cavity  in  this  portion  of  the  modified 
appendage,  though  there  is  a  narrow  canal  in  the  axis  of  the  peduncle 
leading  into  the  body  cavity.  Somewhat  nearer  its  distal  than  proximal 
end  each  long  ectoderm  cell  contains  a  large  oval  nucleus.  Focussing  on 
the  surface  of  the  widened  portion  of  the  pear-shaped  body  one  observes 
that  it  is  divided  intci  facets;  each  facet  has  slightly  raised  edges  and  a 
central  depression,  and  belongs  to  an  ectoderm  cell.  During  later  develop- 
ment before  the  hatching  of  the  embryo  these  appendages  disappear  by  a 
process  unknown  to  me.'* 

Thi£  description  is  in  the  main  correct.  It  is  true  that  the  outlines  of 
the  pleuropodial  cells  are  polygonal  in  surface  view,  but  I  have  never  seen 
anything  like  the  facets  with  raised  edges  and  depressed  centers  described  by 
Cholodkovsky  and  depicted  in  his  Fi^.  15  This  ap[)earance  is  probably  due 
to  Cholodkovaky^a  method  of  preparing  Blatta  embryos  by  protracted  im- 
mersion in  Perenyi's  fluid,  a  method  which  is  in  all  probability  responsible 
for  the  marked  distortion  of  some  of  his  other  figures. 


Mantis, 

To  Oraber  we  owe  the  only  account  of  abdominal  appendages  in  Mantis 
embryos  published  heretofore.  In  his  general  work  on  insects  ['77]  he 
figures  the  anterior  portion  of  a  young  Mantis  embryo,  in  which  the 
pleuropodia  are  seen  as  a  pair  of  digitiform  processes,  directed  and  shaped 
like  the  thoracic  legs,  whicli  tliey  are  far  from  equalling  either  in  lengtli  or 
breadth.  In  his  later  paper  ['88]  Oraber  figures  another  embryo  Mantis  in 
which  is  seen  a  pair  of  what  might  be  called  secondary  plcuroi)odia  on  the 
second  abdominal  segment.  This  second  pair,  which  is  absent  in  some  em- 
bryos is  somewhat  smaller,  though  in  other  respects  exactly  like  the  first 
pair.    Further  stages  in  llie  development  of  these  organs  are  not  described. 


The  First  Abdominal  Segment  of  Embryo  Insects.         105 

It  Is  probable  that  they  soon  disappear  without  ever  becoming  bulbous, 
dnce  a  tendency  thus  to  differentiate  is  distinctly  manifest  in  other  Orthop- 
teran  embryos  that  have  reached  the  age  of  the  Mantis  embryos  figured  by 
Chraber, 

Neophylax  concinnus. 

An  isolated  observation  on  pleuropodia  in  the  Phryganeidae  is  embodied  in 
one  of  Patten's  figures  of  a  Neophylax  embryo  f  84,  plate  86  A,  Fig  11.] 
Patten  notes  the  fact  in  the  text  [page  578]  that  three  pairs  of  abdominal 
appendages  are  developed  en  the  basal  segments,  but  says  nothing  about  a 
differentiation  of  the  most  anterior  pair.  The  figure  referred  to,  however, 
shows  that  the  conical  abdominal  appendages  of  the  first  abdominal  seg- 
ment are  considerably  larger  than  those  of  the  two  succeeding  segments. 
Dr.  Patten  has,  at  my  request,  kindly  taken  the  trouble  to  re-examine  his 
sections,  and  informs  me  that  the  cells  of  tlie  pleuropodia  differ  in  struct- 
ure from  the  unmodified  ectoderm  cells  of  the  other  appendages  and«the 
body  wall  of  the  embryo. 

•Ac  ill  US, 

At  my  request,  Dr.  Patten  has  very  kindly  sent  me  the  following  de- 
scription of  the  pleuropodia  of  this  Dytiscid: 

As  in  other  forms  so  in  .-Ici/it/s,  the  pleuropodia  arise  on  tlie  first  abdom- 
inal segment  of  the  young  embryo,  as  h  pair  of  ectodermic  evaginations, 
homostichous  with  the  thoracic  legs.  Later,  the  distal  end  of  each  bul- 
bous appendage,  consisting  of  large  columnar  cells,  is  invaginated  in  the 
form  of  a  cup.  The  nuclei  are  situated  in  the  inner  ends  of  the  cells,  each 
of  which  secretes  at  its  tip  a  short  refractive  thread,  which,  with  those  of 
the  neighboring  cells  goes  to  form  over  the  invaginated  area  a  thick, 
striated,  cuticula-like  layer.  Dr.  Patten  remarks  that  this  form  of  secre- 
tion may  be  compared  with  the  pleuropodial  secretion  of  Zaitha^  the  only 
difference  being  that  the  individual  threads  secreted  are  so  short  as  to  form 
together  a  continuous  sheet,  instead  of  a  penicillate  bundle. 

These  peculiar  appendages,  which  of  all  described  species  most  closely 
resemble  the  pleuropodia  of  Meloe,  do  not  fall  off  during  their  period  of 
degeneration,  but  are  pushed  into  the  yolk  and  absorbed. 

Hydrophilus  piceus,  L. 

The  pleuropodia  of  this  form  were  first  observed  by  Koicalevsky  [  71.] 
They  are  distinctly  seen  in  his  Fig.  12,  as  digitiform  processes,  shorter  than 
the  metathoracic  legs.  Nothing  is  said  of  tlieir  differentiation.  In  the 
figure  of  an  older  embryo  tliey  are  represented  as  a  pair  of  smaller  protuber- 
ances inserted  on  the  pleurae  near  the  bases  of  the  metathoracic  legs. 

Heider  ['89]  in  the  first  part  of  his  beautiful  monograph,  figures  the 
pleuropodia  of  Hydrophilus  in  several  places,  [Figs.  2  and  3  in  the  text; 
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Fig.  9,  plate  2,  Figs.  10a,  10b,  11  and  12,  plate  8]  not  as  digitifonn,  bat  as 
small  bulbons  organs  with  spherical  contour,  developed  from  a  pair  of 
small  mammiUar  prominences.  At  the  time  of  the  rupture  of  the  embry- 
onic envelopes,  they  are  but  little  larger  than  the  terminal  metameres  of 
the  metatfaoracic  legs  and  show  but  little  tendency  as  yet  to  move  apart 
from  the  places  where  they  arose  in  line  with  the  metathoradc  and  re- 
maining abdominal  appendages.  In  sections  of  the  last  stages  described 
by  Heider^  the  beginning  of  a  differentiaticm  of  the  cells  may  be  observed 
but  the  pleuropodia  do  not  attain  their  greatest  differentiation  till  a  later 
stage  of  development  Heider  reserves  further  description  for  the  second 
part  of  his  monograph. 


Melolontha  vulgaris,  Fabr. 

In'  ^e  cockchafer  the  pleuropodia  attain  a  much  greater  size  than  in  any 
other  insect  heretofore -studied.  We  are  indebted  to  Chraber  for  an  ex- 
cellent description  of  these  remarkable  organs.    [*88.] 

The  pleuropodia  are  first  seen  in  embryos  twelve  days  old,  and  do  not 
reach  ^eir  maximum  size  till  ^e  twenty-second  day.  They  are  large  flat- 
tened sacks  attached  by  peduncles  and,  when  fully  developed,  are  much 
longfr  than  tbe  thoracic  legs  and  about  three  times  as  broad.  Oraber 
thus  describes  the  minute  structure  of  the  full-grown  pleuropodium: 

'*  In  respect  of  histological  structure,  a  feeble  magnification  shows  that 
the  condition  of  the  abdominal  appendages  differs  decidedly  in  many,  if 
not  in  all,  particulars  from  that  of  the  legs.  This  is  especially  true  of  the 
outer,  or  ectodermic  layer.  For,  while  this  layer  in  the  legs,  like  that  of 
thebody  wall  and  all  the  other  appendages  ♦  ♦  ♦  *  consists 
of  relatively  narrow  cells  with  relatively  very  small  [0,006  mm]  nuclei  and 
only  sporadically  inserted  larger  cells  with  large  nuclei,  nearly  all  the  cells 
in  the  abdominal  appendages,  and  more  especially  those  forming  the  outer 
walls  of  these  pocket-shaped  organs,  are  of  considerable  size  and  are  pro- 
vided with  nuclei  more  than  twice  as  large  as  those  of  the  remaining  ecto- 
derm, since  they  measure  about  0,014  mm.  Ck)nsidering  that,  at  the  time 
when  the  organ  was  formed,  the  ectoderm  nuclei  were  0,008  mm  in  diame- 
ter, it  follows  that  during  the  course  of  further  development,  the  nuclei  of 
the  ordinary  ectoderm  become  somewhat  smaller,  while  those  of  the  ecto- 
derm of  the  abdominal  appendages  undergo  a  considerable  increase  in  size. 
This  increase  is  most  pronounced  in  the  outer  wall  of  the  appendage;  a  por- 
tion of  the  inner  wall,  as  well  as  the  short  cervical  portion,  or  peduncle, 
formed  by  constriction,  having  typical  [i.  e.,  small]  ectodermelenients." 
Within  the  cavity  of  the  sacks  '*  are  found  numerous  cells  of  the  same 
structure  as  those  which  occur  in  the  body  cavity  and  likewise  in  all  the 
appendages.  I  regard  it  as  an  open  question  whether  these  elements,  origi- 
nating as  they  do  from  an  evagination  of  the  mesoderm,  become  wholly 
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diflBociated  and  are  ultimately  to  be  regarded  as  blood  cells,  or  whether 
they,  in  part  at  least,  unite  to  form  a  loose  tissue  [lockeres  Gewebe.]  '* 

Oraber  has  also  observed  the  atrophy  of  the  pleuropodia  of  Melolontlux, 
Degeneration  begins  about  eight  days  after  the  pleuropodia  attain  their 
maximum  size.  **  In  the  embryo  thirty  days  old,  with  the  dorsum  closed 
over  and  the  cephalic  and  anal  ends  already  strongly  iiexed  towards  each 
other,  the  organ  has  diminished  in  size,  not  only  when  compared  with  the 
legs,  but  absolutely.  More  striking,  however,  is  the  reduction  of  the  ab- 
dominal appendages  in  the  thirty-four  day  old  embryo,  which  in  conse- 
quence  of  its  great  increase  in  length,  is  already  completely  coiled  up  and 
has  attained  to  maturity.  Here  the  appendages  in  question^  are  nothing 
but  minute  scales,  hardly  as  long  as  a  segment,  and  half  concealed  in  the 
aforementioned  coagulum.  They  separate  from  the  body  with  the  slight- 
est touch.  Probably  they  are  pushed  off  while  the  insect  is  leaving  its  en- 
velopee,  perhaps  in  consequence  of  rubbing  against  the  same.  In  the 
hatched  larva  only  the  healed  [verloethete]  cicatrice  of  the  peduncle  is  to 
be  found." 

Meloe  proscarabretis.     L, 

After  treating  of  the  formation  of  the  germ -layers  of  this  Coleopteron 
in  a  former  paper,  Niisbatim  devotes  a  more  recent  article  ['89]  to  a  de- 
scription of  the  very  interesting  pleuropodia.  I  quote  his  description  in 
extenso: 

"  The  appendages  of  the  first  abdominal  segment  have  up  to  the  eighth 
day  of  development  the  form  of  roundish  cylindrical  sacks  and  consist, 
like  the  thoracic  legs,  of  a  single  layer  of  cylindrical  ectoderm  cells  sur- 
rounding a  cavity  in  which  may  be  seen  a  few  loose  mesoderm  cells.  On 
the  eighth  day  of  development  each  of  these  appendages  differentiates  into 
two  parts:  one  basal  and  cylindrical,  and  one  distal,  which  is  spherical  and 
somewhat  pointed  at  the  pole  [outer  end].  In  the  basal  part  the  cavity 
persists  as  before,  together  with  the  loose  mesoderm  cells;  in  the  spherical 
portion,  however,  the  cavity  disappears  and  is  replaced  by  large  and  much 
lengthened  cylindrical  cells.  These  large  cells  arise  by  a  kind  of  invagin- 
ation of  a  portion  of  the  ectoderm ic  layer  at  the  pole  of  the  appendage. 
The  cells  of  the  invaginated  portion  grow  very  rapidly  and  soon  take  on 
the  appearance  of  very  large  and  characteristic  elements,  so  loosely  juxta- 
posited  that  narrow  clear  slits  may  be  observed  here  and  there  between 
them.  The  edges  of  the  invagination  approach  one  another  till  there  re- 
mains only  a  small  aperture  leading  into  a  roundish  cavity  closed  on  all 
sides.  On  the  tenth  day  of  development  the  segmentation  of  the  thoracic 
legs  may  be  seen  very  distinctly;  in  each  leg  three  to  four  parts,  or  seg- 
ments may  be  distinguished,  whicii  are  marked  off  by  constrictions  on  the 
outer  siu^ace  of  the  ectoderm.  It  is  interesting  to  note,  that  the  append- 
ages of  the  first  abdominal  segment  seem  also  to  undergo  a  kind  of  con- 
striction, so  that  I  cannot  concur  in  Grabers  statement  that  *'  the  abdominal 
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appendages  are  always  unsegmented."  For,  in  the  above  mentioned  stage  of 
development  a  distinct  constriction  of  the  ectoderm  may  be  observed  between 
the  basal  and  distal  portions;  hence  I  believe  that  we  are  justified  in  regarding 
as  segments  the  two  parts  of  the  appendage  thus  distinctly  separated.  On 
the  twelfth  day  of  development  —  sometimes  even  before  —  the  plasma  of 
the  invaginated  cells,  whose  roundish  oval  nuclei  lie  near  the  basal  ends, 
acquire  a  very  distinctly  and  finely  fibrillar  structure,  resembling  that  of 
the  epithelium  of  many  excretory  glands.  In  the  above  described  cavity  is 
collected  a  homogeneous,  sticky  secretion,  which  gradually  swells  out  of 
the  aperture  in  considerable  quantity.  It  is  easy  to  detect  delicate  threads 
of  this  secretion  nmning  from  the  large  cells  surrounding  to  the  mass  of 
the  secretion  filling  the  cavity.  The  structure  of  these  glandular  ap- 
pendages reminds  me  somewhat  of  the  glandular  tem})orary  appendages 
[*  dorsal  organ ']  wliich  I  have  described  in  Myais;  I  hasten,  however,  to 
state  expressly  that  I  do  not  wish  to  maintain  any  homology  between  these 
organs." 

Interesting  as  is  the  account  just  quoted.  Xusbaiim  goes  on  to  describe  a 
still  more  interesting  condition.  He  says:  "  I  liave  further  convinced 
myself  that  the  remaining  stub-shaped  abdominal  ap|)endages  of  Meloe  are 
of  a  glandular  nature.  At  the  tip  of  each  of  these  appendages  there  is  also 
formed  an  invagination,  which  is.  however,  much  shallower  than  in  the 
appendages  of  the  first  abdominal  segment,  so  that  it  does  not  form  a 
ca\'ity.  The  invaginated  cells  are  closely  juxtaposited,  lon^  and  cylin- 
drical but  not  as  large  as  those  of  the  first  abdominal  appendages.  They 
likewise  secrete  a  sticky  substance,  though  in  less  (luantity  than  the  afore 
mentioned  organs  of  the  first  segment.  Back  of  these  invaginated  cells 
lies  a  cavity  communicating  with  the  body  cavity  and  filled  with  loose 
mesoderm  cells."  The  further  fate  of  these  organs  was  not  traced  by 
Nusbaiun.  "The  roundish  terminal  joint  of  the  appendages  of  the  first 
abdominal  segment  is  very  probably  thrown  off,  while  the  basal  portion 
together  with  the  stub-shaped  appendages  of  the  other  abdominal  segments 
gradually  grow  shorter,  fiatten  out  and  finally  disappear  entirely,*' 

Before  passing  to  a  brief  resume  of  the  results  recorded  in  the  preceding 
portions  of  my  paper,  I  insert  a  table  of  the  insects,  which  have  been  studied 
with  reference  to  abdominal  appendages.  In  this  list  are  included  a  few 
forms,  in  which  no  pleuropodia  have  been  described.  I  am  well  aware  that 
negative  conclusions  in  regard  to  details  merely  read  between  the  lines  of 
works  on  the  general  ontogeny  of  a  species  are  of  very  little  value,  but  in  the 
cases  to  which  I  allude,  the  probability  of  such  jn-ominent  t)rgans 
as  the  pleurojiodia  being  overlooked  by  investigators  who  have  care- 
fully htudied  insect  embrvos  bv  means  of  sections  is  so  small,  that 
1  do  not  hesitate  to  record  their  omissions  as  negative  results. 
Most  of  the  forms  enumerated  as  having  no  i)leuropodia  were  examined 
by  Ornher  and  myself  with  the  express  purpose  of  observing  whether  these 
organs  were  present. 
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ORDER  ORTHOPTERA. 
Family  Gryllid^. 

Oecanthus  niveus^  Serville. 

pleuropodia  evap^inate,  bulbous  with  reniforxn  outline. 
[Ayers'Si.] 

Oryllotalpa  vulgaris,  L. 

pleuropodia  evaginate,  bulbiform. 

[RathkeC'^),  Korotneff  CS5),  Oraber  ('88).] 

Family  LocustidvE. 

Xiphidium  ensifenim.  Scud. 

pleuropodia  evaginate,  bulbiform,  subreniform  [WJieeler], 

Family  Ackidiid^. 
Stenohothrus, 

pleuropodia  evaginate  bulbiform,  with  yellow  granular 
secretion.    [Graber  ( *88,)  ( *89)  ]. 

Family  Mantid.«.  * 

Mantis  (European). 

pleuropodia  evaginate  digitiform:  occasionally  a  pair 
on  the  second  abdominal  segment  Tsecondary  pleu- 
ropodia] [Graber C^l),  ('88)]. 

MantiH  Carolina,  L. 

pleuropodia  evaginate,  elongate  pyriform  [Wheeler], 

Family  BLAxriDiE. 

Blatta  germanica,  L. 

pleuropodia  evaginate,  broadly  pyriform. 

[Patten  ( '84,)  Cholodkovsky,  ('89,)  Wheeler.] 
Periplaneta  orien  talis,  L. 

pleuropodia  evaginate,  pyriform  [Wheeler]. 

ORDER  HEMIPTERA. 
Family  Aphidid.15. 

No  pleuropodia  described  for  any  of  the  following  species: — 
Aphis pelargonii.    [Will  ('88).] 
"    saliceti,  [Will  ('88).] 

**    roso',  L.         [Will  ('88).] 

Family  Cicadid-«. 

Cicada  septemdecim.    L. 

pleuropodia  invaginate,  solid,  bulbiform,  with  glairy, 
vacuolate  secretion.     [Wheeler  ('89a,  and  '89b)]. 

Family  Belostomatid^. 
Zaitha  flumtnea.  Say, 

pleuropodia  invaginate,  solid,  bulbiform,  with  penicillato 
secretion.    [  Wheeler  ( '89a  and  '89b),  ] . 
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ORDER  COLEOPTERA. 

Familt  Hydbophilidjb. 

HfdrophUue  pieeu$,  L, 

plearopodia  evaginate,  digitif orm. 
[KovBoievaky  ( '71).^   Heider  ( '89)  ]. 

Family  Dttibcipjb. 
AeUiue. 

plearopodia  eyaginate,  calyculate,  with  a  thick,  fitriated, 
outiculalike  secretion.    (Patten.) 

Family  Bcaraksidm.  * 

Mdolontha  vulgaris,  Fabr. 

plearopodia  evaginate,  very  large,  flattened,  bag-shaped 
[Oraber  cmi 

Family  Msloidje, 

Miloe  praearaJKBua,  L. 

plearopodia  evaginate,  calycolate,  with  sticky  homogen* 
eous  secretioo.    [Ntubaum  ( *89).] 

Family  Chbysomeudje. 
Lina  tremuke,  QmeL 

no  plearopodia  [Ghraber], 
Doryphora  lO-Iineato,  Say. 

no  plearopodia  [Wheeler  '89]. 

ORDER  NEUROPTERA. 
Family  Siaud^g. 

Sialis  infumata^  Newm. 

pleuropodia  evaginate,  conical  {Wheeler), 

ORDER  TRICHOPTERA. 

Family  Phryoaneid^. 

Neophylax  concinnus. 

pleuropodia  evaginate,  conical  [Patten  ( ^84)]. 

ORDER  LEPIDOPTERA. 
Family  Bombycid^. 

No  pleuropodia  have  been  observed  in  the  following:  — 
Ckustropacha  quercifolia,  L,    [Oraber  '88.] 
Bombyx  mori,  L.  [Tichomiroff  C^^)]. 

Orgyia  leucostigma,  A.  and  S.  [  Wheder,  ] 
Telea  polyphemtu.  Cram.  [Wheeler,] 
CaUo8amiapromethea,'DmTj.  [Wheeler.] 
Platyeamia  cecropia,  L.  iWheeler.] 

Hyperchiria  to,  Fabr.  [Wlieeler.] 
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ORDER  DIPTERA. 

No  pleuropodia  have  been  observed  in  the  following : — 

Family  Chironomid^. 

Chironomu8.    [IVeiamann,  (*68).] 

Family  Tabanid^. 

Tabamis  atratiiSy  Fabr.?    {Wheeler.) 

Family  Muscid.t. 

Musca  [Weiamann  ('63),  Voeltzkow  ('89)]. 

ORDER  HYMENOPTERA. 

Family  Apid^. 

Apis  meUiJicaj  L. 

No  pleuropodia  [Buetschli {"70),  Grassi  (*B4).] 

Thr  facts  accruing  from  a  study  of  the  pleuropodia  ia  the  above  enumer- 
ated forms,  representing  some  of  the  families  of  most  of  the  natural  orders 
of  insects,  may  be  briefly  summarized  as  follows: 

1.  The  pleuropodia  were  at  one  time  organs  of  considerable  functional 
importance  to  the  primitive  Hexapoda.  This  is  proved  both  by  the  size  which 
they  attain  in  several  cases  [Helolontha,  Blatta,  etc,]  and  by  the  variety  of 
structure  which  they  exhibit  in  different  species,  sometimes  even  of  the 
same  natural  order  [Hydrophilus,  Melolontha,  Meloe.]  The  latter  fact 
would  indicate  that  the  organs  had  occurred  very  generally  among  ancient 
insects  and  had  undergone  the  modification  to  which  the  struggle  for  ex- 
istence subjects  organs  of  very  general  occurrence  and  important  function. 

2.  Pleuropodia  seem  to  be  of  constant  occurrence  in  insects  of  some 
orders  [Orthoptera,  Trichoptera  (?)],  in  other  orders  these  organs  are  as 
constantly  wanting  [Lepidoptera,  Hymenoptera],  while  in  still  other  groups 
[Coleoptera,  Hemiptera]  they  are  well  developed  in  some  forms  and  entirely 
lacking  in  others. 

8.    The  pleuropodia  are  always  derived  from  the  ectoderm. 

4.  They  arise  as  appendages  serially  homologous  with  the  appendages  of 
the  thorax  and  abdomen. 

5.  The  pleuropodia  described  up  to  date  belong  to  one  of  two  types  — 
they  are  either  formed  by  evagination  or  invagination.  Those  of  the  latter 
type  are  subspherical  and  solid;  those  of  the  evaginate  type  appear  under 
two  forms:  the  bulbous  and  the  calyculate,  the  latter  being  distinguished 
from  the  former  by  having  the  apical  area  invaginated.  [Acilius,  Meloe,] 
The  evaginate  bulbous  form  undergoes  some  modification  in  different 
species.  Thus  we  may  distinguish  as  its  varieties  the  mushroom-shaped 
\QTyllotalpd\y  thereniform  [Oecanthus],  the  broadly  pyriform  [Blattd],  and 
the  elongate  pyriform  pleuropodium  [Mantis  Carolina],    All  these  varieties 


112  Wisconsin  Academy  of  Sciences,  Arts  and  Letters. 

are  pedunculate.  Undeveloped  pleuropodia  do  not  become  bulbiform, 
since  they  never  pass  beyond  the  conical  or  digitiform  pliases  common  to 
all  incipient  insect  appendages.     [Neophylax.] 

6.  The  cells  composing  the  pleuropodia  in  all  cases  except  where  these 
organs  remain  rudimentary  or  digitiform,  deviate  considerably  in  their 
structure  from  the  ectoderm  cells  of  the  body  wall  and  the  other  append- 
ages. The  cells  and  nuclei  increase  in  size  and  usually  become  more 
succulent. 

7.  In  most  pleuropodia  of  the  evaginate  type  there  is  a  lar;]:er  or  smaller 
cavity,  communicating  by  means  of  a  narrow  duct  through  the  peduncle 
with  the  body  cavity  [Blatta,  etc.].  In  the  calyculate  forms  there  is  a 
second  cavity,  distinct  from  the  first,  opening  in  the  opposite  direction,  on 
the  outside  of  the  body. 

8.  No  tracheaa,  nerves  or  muscles  have  been  observed  to  enter  into  the 
formation  of  the  pleuropodia.  A  few  mesoderm  cells,  probably  blood- 
corpuscles  or  fragments  of  mesenchymatous  tissue,  have  been  observed  in 
the  cavities  of  some  evaginate  pleuropodia. 

9.  In  some  species  the  pleuropodia  produce  a  secretion  from  the  ends  of 
their  enlarged  cells.  This  secretion  may  be  a  glairy  albuminoid  substance 
[Cicada,  Meloe,].  a  granular  masis  [Stpnohothnts],  a  bundle  of  threads 
[Zaitlid],  or  a  thick,  striated,  cuticula-like  mass  (Acilius). 

10.  In  some  evaginate  pleuropodia  there  appears  a  constriction,  proba- 
bly homologous  with  some  one  of  the  constrictions  which  separate  the  tho- 
racic and  maxillary  appendages  into  metanieres. 

11.  In  some  cases,  at  least,  no  chitinous  cuticle  is  formed  over  the  sur- 
face of  the  i>leur(>podial  cells.     [Blatta,  Sfeuobuthrus.] 

13.  The  pleuropodia  attain  their  greatest  size  during  the  revolution  of 
the  embryo.  Soon  after  the  yolk  has  been  enclosed  by  the  body  walls  and 
the  heart  has  formed,  the  appendages  of  the  first  abdominal  segment  begin 
to  degenerate. 

13.  The  degeneration  of  an  evaginate  pleuropodium  does  not  in  all  cases 
result  in  a  reabsorption  into  the  body  of  the  ('inbryo,  but  in  a  falling  assun- 
der  of  its  large  cells  and  their  subsequent  dissolution  (nitside  the  insect's 
body. 

14.  The  i)leuropodia  in  all  their  forms  and  stages  are  characterized  by  a 
certain  incompleteness,  '.vhich,  together  with  the  brevity  of  their  existence 
even  during  embryonic  life,  stamps  them  as  mere  rudiments  of  what  were 
probably  in  remote  ages  much  larger  and  more  complex  organs. 
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PART  THIRD. 

The  question  as  to  the  original  function  of  the  pleuropodia  must  needs 
have  suggested  itself  to  all  investigators  who  have  met  with  these  conspic- 
uous organs  in  insect  embryos.  Naturally  enough,  each  investigator  has 
sought  an  answer  in  the  particular  insect  studied,  in  most  cases  never  sus- 
pecting that  so  simple  an  organ  as  a  pleuropodium  could  have  undergone 
much  modification  and  have  assumed  in  fonns  unknown  to  him  a  structure 
calculated  to  render  his  narrowly  based  theoretical  conclusions  untenable* 
In  view  of  the  ectodermic  origin  of  the  pleuro]x>dia,  they  may  be  said  to 
have  had  one  of  three  functions:  they  were  either  respiratory  organs,  sense 
organs  or  glands.  Hence,  owing  to  the  fact  that  limited  observation  has 
precluded  any  general  survey  of  the  pleurop<jdia  throughout  the  whole 
Hexapod  group,  different  investigators  have  advocated  one  or  the  other  of 
these  functions,  each  being  guided  to  his  particular  view  by  the  special  in- 
sect to  which  he  devoted  his  attention.  Thus  Oraber  has  )>ecome  an  advo- 
cate of  the  gill  hypothesis  from  his  observations  on  Melolontha,  a  form  in 
which  the  pleuropodia  are  in  many  ways  singularly  specialized;  CholodkoV' 
skjfy  perhaps  impressed  by  what  he  supposed  to  be  a  facetted  surface  on  the 
pleuropodia  of  Blatta  —  in  reality  a  phenomenon  due  to  his  use  of  reagents 
— believes  the  pleuropodia  to  be  sense  organs;  while  Nushaum  has  been 
most  naturally  led  to  regard  the  modified  appendages  as  glandular  organs 
by  his  observations  on  Meloe, 

1  shall  proceed  to  a  consideration  of  the  three  theories  advocated  up  to 
date,  briefly  examining  into  the  reasons  which  have  influenced  their  ad- 
herents,  and  finally  settling  on  the  gland  theory  as  to  me  the  most  probable. 
With  this  last  theory  none  of  the  observed  facts  are  in  contradiction  — 
while  as  much  cannot  be  said  of  the  gill  and  sense  organ  hypotheses. 


A.     The  QUI  Hypothesis. 

BathkCy  the  first  to  find  pleuropodia,  was  also  the  first  to  assign  to  them 
a  function  ['44].  Their  peripheral  position,  the  delicacy  of  their  surfaces, 
their  close  adherence  to  the  egg-membrane,  which  he  thought  due  perhaps 
to  some  sticky  substance,  and  the  further  fact  that  they  contained  cavities 
filled  with  what  was  very  probably  blood,  made  Rat f ike  believe  that  he  was 
dealing  with  respiratory  orgaas.  He  supposed,  moreover,  that  these  organs 
functioned  during  embryonic  life.  The  embryos  of  Gryllotalpa,  he  says, 
require  a  great  deal  of  air,  ou  which  account  they  are  deposited  in  spacious 
subterranean  chambers.    When  simply  buried  in  the  earth,  the  eggs  decay. 

Ayers  followed  Rathke  in  his  interpretation  of  the  problematic  append- 
ages.   ["84].    Of  late  Oraber  [*88]  though  dealing  with  these  organs  at 
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greater  length,  and  poaseaBing  more  facts  than  his  predeceesors,  has  adopted 
their  tiieoxetical  views  without  modification.  His  latest  contribution,  how- . 
ever,  seems  to  show  a  tendency  to  depart  from  the  standpoint  held  in  his 
paper  on  polypody,  a  change  of  opinion  attributable  to  his  study  of  Steno^ 
bothrus. 

The  facts  which  have  led  to  the  assumption  of  the  gill  hypothesiB  are  the 
following: 

1.  The  position  of  the  pleuropodia  on  the  pleurss  near  the  insertion  of 
the  metathoracic  legsoould not  fail  to  suggest  the  respiratory  organs  of  the 


9.  In  some  insect  embryos  tl\e  pleuropodia  are  shaped  like  lamellar 
This  is  notably  the  case  inMdoiontha,  the  pleuropodia  of  which  are  so  gill- 
like ^ttt  Qraber  figures  an  Isopod  side  by  side  with  the  insect  embryo  for 
the  eake  of  comparison. 

8.  lUood  has  been  observed  to  circulate  in  and  out  of  the  pleuropodia. 

That  these  facts  are  not  sufficient  to  sustain  the  hypothesis,  is  shown  by 
the  following  consideration: 

The  pleuropodia  of  MeloUmtha  certainly  resemble  the  gills  of  certain 
Isopoda,  but  it  is  almost  equally  certain  that  the  appendages  of  the 
cock-chafer  have  departed  from  the  original  type  of  pleurdpodium  which 
Ss  best  seen  in  the  Orthoptera  [Blatta,  Stenobothrus].  As  these  organs 
were  present  after  hatching,  in  ancestral  form?,  it  follows  that  in  the  pre- 
cursors of  Melolontha,  they  might  have  bfen  balloon-shaped  after  the  ani- 
mal's escape  from  the  egg.  Such  lar^,  sack -shaped  organs  must  necessarily 
become  much  flattened  while  they  are  confined  to  the  narrow  space  be- 
tween the  body-wall  of  the  embryo  and  the  egg  envelopes. 

The  cell-layer  forming  the  walls  of  the  pleuropoilia  in  all  cases  where 
these  organs  are  not  rudimental,  is  considerably  thicker  than  the  ectoJerm 
of  the  appendages  and  body  walls.  Now,  as  a  gill  in  ultimate  analysis 
is  merely  a  thm  layer  of  cells  separating  the  blood  from  the  air.  it  becomes 
very  difficult  to  understand  why  the  comparatively  thin  layer  of  ectoderm 
cells  forming  the  walls  of  the  thoracic  and  cephalic  appendages  and  the  in- 
tegument in  general  should  not  constitute  a  much  more  efficient  ret^piratory 
organ  than  the  thick-walled  pleuropodia. 

Blood  has  been  seen  to  circulate  in  and  out  of  the  plei\ropodia,  but  it  also 
circulates  in  and  out  of  the  legs,  mandibles,  anal  stylets,  etc..  in  the  same 
manner. 

The  bulbous  shape  of  the  pleuropodia  in  the  majority  of  forms  is  unlike 
that  of  any  known  insect  gills.  The  tracheal  g:ills  seen  in  the  larval  Ephe- 
meriddB,  Odonata,  etc.,  are  foliaceous  or  filamentous;  while  the  protrusile, 
anal  gills  of  such  forms  as  the  larval  Eristalis  are  tubular. 

Lastly,  appendages  shaped  like  the  pleuropodia  of  Meloe,  Acilius^  Zaitha 
and  Cicada,  could  not  have  had  a  respiratory  function.  The  hypothesis  is 
therefore  insufficient  to  cover  all  the  facts  and  must  be  either  restricted  to 
a  few  doubtful  cases  or  abandoned  altogetner. 
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B.     The  Sense-organ  Hypothesis, 

Patten  ['84]  and  Cholodkovsky  [*89]  are  the  only  investigators,  who  have 
maintained  that  the  pieuropodia  of  embryo  insects  may  have  functioned  as 
sense  organs.  The  following  facts  make  for  the  probability  of  this  supposi- 
tion: 

1.  The  pieuropodia   are   composed  of  peculiarly  modified   ectoderm 

cells. 

2.  They  roughly  resemble  such  sensory  structures  as  the  Arthropod 

eye. 

8.  Paired  sense-organs  are  known  to  occur  on  the  abdominal  segments 
of  many  Arthropod?.  Cases  in  point  are  the  curious  Euphausia  with  its 
pairs  of  eye-like  sense-organs  and  many  Orthoptera  that  have  sensor^  ana 

•^lets. 

4.  In  Adlitis,  as  Dr.  Patten  informs  me,  the  small  rods  secreted  by  the 
pleuropodial  cells  are  comparable  to  the  retinal  rods  in  the  larval  eye  of 
the  same  insect.  That  the  secretion  in  Cicada  and  Meloe  flows  together 
into  one  glairy  mass,  instead  of  forming  bodies  of  like  and  definite  shape 
capping  the  ends  of  the  individual  cells,  may  Ije  due  to  the  fact,  that  the 
organs  are  now  merely  rudi mental  structures.  Dr.  Patten  tells  me 
that  the  larae  lateral  sense-organs  of  the  embryo  Limvlus  polyphemus 
produce  a  glairy  secretion  very  similar  to  what  I  have  described  in  Cicada 
['89  a  and  b]. 

5.  The  pieuropodia  are  similar  in  shape  and  manner  of  development  to 
the  halteres  of  theDi;^tera  and  the  pectinate  appendages  on  the  second 
abdominal  segment  of  Scorpions,  both  of  which  modified  appendages,  as 
we  have  good  evidence  for  believing,  are  functional  sense-organs. 

These  facts  are  weighty.  It  seems  to  me,  however,  that  tlie  supixjsition 
that  the  pieuropodia  are  sense-organs,  is  untenable,  for  the  reason  that  no 
investigator  has  yet  observed  even  a  trace  of  nervous  tissue  in  connection 
with  the  pleuropodial  cells.  In  sense-organs  as  large  as  the  pieuropodia  we 
should  certainly  expect  to  find  a  well- developed  neural  element,  since  in 
the  case  of  much  smaller  and  more  insignificant  sense-organs  it  is  not  dif- 
ficult to  detect  the  nervous  connection.  Granting  that  the  pieuropodia  are 
rudimental  structures,  it  remains  none  the  less  impruliable  that  a  nervous 
connection,  which  in  so  large  an  organ  must  have  been  prominently  devel- 
oped at  one  time,  could  have  disappeared  so  completely  while  the  sensory 
cells  themselves  underwent  comparatively  little  diminution  in  size.  The 
pieuropodia  are,  moreover,  most  conveniently  located  for  innervation  from 
the  large  ganglion  of  the  first  abdominal  segment  or  from  one  of  its  main 
branches. 

It  is,  of  course,  possible,  that  in  some  or  all  forms  the  organs  under  con- 
sideration may  have  had  a  sensory  function;  but  the  facts  accumulated  up 
to  the  present,  do  not  permit  us  to  assign  to  the  cells  any  other  than  a 
secretory  function. 


116  Wisconsin  Academy  of  Sciences^  Arts  and  Letters. 


C.    The  Gland  Hypothesis. 

« 

Betides  Pattenf  who  daimed  that  the  plearopodia  might  be  glands  ['84] 
no  one  Ull  very  leoently  has  considered  this  view.  In  the  July  number  of 
the  American  Natoralist  [*fS9ai  I  advoeated  this  view  in  a  brief  note.*  In 
one  of  the  Aogost  nnmbers  of  the  **  BiologiachesCentralblatt "  p89]  Qraber 
pnblished  tds  remarks  on  the  plearopodia  of  Stenobothrus,  attribating  to 
these  organs  a  glandular  function.  In  one  of  the  September  numbers  of 
the  "  Zoologischer  Anzeiger"  f80b]  a  preliminary  account  of  my  observa- 
tions on  the  pleuropodia  of  ^aitha  and  Cicada  was  published.  In  one  of 
the  October  numbers  of  the  '*  Biologisches  Centralblatt"  appeared  J.  Nus^ 
baunCs  description  of  the  pleuropodia  of  Meloe  [*89].  Nasbaum  regards 
these  prgans  as  glandular,  but  terminates  his  paper  in  a  confusion  of 
ideas  as  evinced  by  the  following  remark:  "  Die  druesige  Natur  der 
Bauchanheenge  bei  dengenannten  Insekten  [Meloe,  Sienobothrua]  [die  ohne 
Zweifel  acch  bei  anderen  gef unden  werden  wird]  spricht  daf uer,  dass  wir 
ee  hier  wahrscheinlich  mit  rudimentaeren  Organen,  die  nicht  bloss  sur 
gewoehnlichen  Gangfunktion  bei  den  Insektenvorfahren,  sondern  vielleicht 
auoh  noch  zur  Atmungsf  unktion  dieuten,  zu  thun  haben.*' 

I  fail  to  comprehend  how  the  glandular  nature  of  the  pleuropodia  can  in 
any  way  suggest  that  they  may  have  functioned  simultaneously  as  ambu. 
latory  and  respiratory  organs. 

The  following  are  my  reasons  for  assigaing  a  glandular  function  to  the 
pleuropodia: 

1.  The  entire  ectoderm  of  Arthropods,  excepting  its  nervous  derivativeH, 
is  essentially  a  glandular  layer,  oae  of  its  prime  functions  being  the  secre- 
tion of  the  chitinous  armour  so  characteristic  of  these  animals.  This 
function  is  retained  by  the  ectoderm  cells,  even  when  they  are  pushed  into 
the  body  as  in  the  case  of  the  tracheae,  tentorium,  oesophagus  and  rectum. 
Looking  at  the  compound  Arthropod  eye  from  Watases  standpoint  ['89] 
as  a  cluster  of  ectodermic  invaginations  we  have  a  case  where  ectodermic 
cells  still  retain  their  chitin-secreting  habits  though  pushed  below  the  sur- 
face of  the  general  integument  and  covered  by  superjacent  cells. 

2.  The  pleuropodial  cells  closely  re^mble  other  simple  ductless  glands 
in  insects,  such  as  the  wax-glands  of  the  Aphididae  and  the  stinging 
glands  of  some  Lepidopterous  larvae.  In  the  embryo  and  young  larvae  of 
the  Bombycid  Hyperchiria  io,  I  have  observed  the  formation  of  the  huge 
branching  spines,  which  arranged  in  several  parallel  rows,  repel  the  insects 
enemies  with  their  stinging  secretion.  The  immensely  enlarged  ectoderm 
cells  which  secrete  the  poison  in  the  lacunae  of  the  spines,  have  very 
glandular  cytoplasm  and  large  nuclei,  thus  resembling  the  pleuropodial  ceUs 
of  Blatta. 

8.  The  pleuropodial  cells  in  several  insect  embryos  produce  a  secretioa, 
the  character  of  which  differs  considerably  in  different  forms. 

•  This  number  of  the  Naturalist  did  not  appear  till  Nov.  18tb,  1880. 
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4.  In  some  insects  at  least  [Blatta,  Periplaneta^  Xiphidium,  Stenoboih- 
rtui]  the  chitinous  cuticle  does  not  cover  the  pleuropodia,  even  after  invest- 
ing the  body  of  the  embryo.  On  the  supposition  that  we  are  dealing  with  duct- 
less glandular  organs,  the  reason  for  this  is  obvious.  The  secretions  of  cutan  - 
eous  glands  cannot  penetrate  a  thick  and  unmodified  layer  of  chitin,  so  we 
find  gland  celb  covered  with  a  cuticle  the  [chemical  ?]  structure  of  which 
departs  from  that  of  ordinary  chitin.  This  cuticle  is  also  thinner  than  that 
secreted  by  the  unmodified  hypodermis  cells  oi  the  general  integument. 
A  good  example  of  such  attenuation  and  modification  in  the  molecular 
structure  of  the  cuticle  covering  ductless  cutaneous  glands  is  furnished  by 
the  collophore  of  Anurida  maritima  described  below.  Now  the  first  cuti- 
cle shed  by  the  embryo  in  the  egg  must  be  regarded  as  the  attenuated  rudi- 
ment of  what  was  formerly  a  much  thicker  cuticle  shed  by  the  insect  in 
some  post  embryonic  stage  of  existence.  Supposing  that  the  cuticle  origin- 
ally covered  the  pleuropodia  of  such  an  ancient  insect  had  been  more 
delicate  than  that  covering  the  remainder  of  the  body,  it  would  cease  to  be 
secreted  in  the  embryos  of  existing  insects  because  reduced  to  such  exces- 
sive tenuity.  There  is  still  another  possibility  which  might  account  for  our 
not  finding  a  chitinous  cuticle  on  the  pleurododia:  the  secretion  of  these 
organs  may  itself  be  some  chemical  modification  of  the  chitin,  which  cov- 
ered the  appendages  before  the  peculiar  differentiation  of  their  cells  set  in. 

5.  The  lack  of  any  apparent  innervation  to  the  pleuropodia,  though 
adducible  as  a  fact  against  the  sensory  nature  of  the  organs,  is  just  what 
we  should  expect  on  the  supposition  that  they  are  glandular.  The  difficul- 
ties encountered  by  histologists  in  tracing  the  innervation  of  glands  is  well 
known. 

6.  The  manner  in  which  some  pleuropodia  degenerate  suggests  what  is 
known  to  take  place  in  many  glands  that  indicate  their  relation  to  epithel- 
ial structures  by  secreting  their  own  broken-down  cells.  The  milk  glands 
of  the  mammalia  and  other  cases  will  suggest  themselves  to  the  reader. 

7.  The  structure  of  the  pleuropodia  described  up  to  the  present,  though 
considerably  diversified,  is  in  all  cases  consistent  with  a  glandular  func- 
tion. 

Having  reached  the  conclusion  that  the  pleuropodia  functioned  as  glands 
in  ancestral  insects,  I  have  probably  made  the  utmost  use  of  the  few  facts  at 
my  disposal.  The  word  *  */gland,'*  however,  is  so  indefinite,  since  the  special 
functions  of  glands  are  so  numerous,  that,  stopping  at  this  point,  the  hypo- 
thesis is  still  very  vague.  For  the  sake  of  giving  it  clearer  outlines,  I  will 
elaborate  still  further,  though  aware  of  the  dangers  I  incur  in  descending 
to  particulars. 

What  then  was  the  special  glandular  function  of  the  pleuropodia  in  primi- 
tive insects?  In  seeking  an  answer  to  this  difficult  question  we  are  pursuing 
the  most  logical  course  when  we  muster  the  different  classes  of  glands  ob- 
served in  air-breathing  Arthropods,  and  select  for  special  consideration  the 
class  that  presents  the  greatest  variation  in  structure  and  the  widest  dis- 
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tribution.  On  making  this  review  we  find  in  the  first  rank  the  odoriferous 
glands.  These  f  unotion  either  as  means  of  defense  or  as  aphrodisiacs,  or 
probably  in  many  species  as  both.  The  great  importance  of  copulation  and 
protection  from  enemies  readily  explains  why  the  odoriferous  glands  should 
play  so  prepollent  a  role  in  the  lives  of  Arthropods  and  even  higher  animals. 
I  will  give  a  brief  though  by  no  means  exhaustive  list  of  forms  possessing 
odoriferous  glands,  for  the  sake  of  showing  the  wide  distribution  of  these 
organs  among  the  different  groups  of  air-breathing  Arthropods  and  the 
variety  of  their  structure  and  secretions. 

According  to  Marx  [^86]  the  Pedipalp  Thelitphontis  emits  a  secretimi 
which  smells  like  acetic  acid.  The  Ifyriopod  Fontaria  gracUu  secretes 
from  its  series  of  repugnatory  glands  a  fluid  which  contains  free  hydro- 
cyanic acid  [Ctotts,  '87].  I  have  frequently  seen  our  common  Julus  [iSjiiro&o- 
lus\  mavQifuUus^  when  irritated  emit  fh»n  its  repugnatory  glands  a  brown 
liquid  with  a  pungent  odor  not  unlike  bromine,  though  this  element  very 
probably  does  not  enter  into  its  chemical  composition. 

Among  the  Orthoptera  numerous  cases  might  be  adduced.  Mindhin  PSS] 
lately  discovered  in  Ftriplaneta  orientalia  a  new  gland,  which  "  consists  of 
two  pouch-like  invaginations  lying  close  on  each  side  of  the  middle  line, 
between  the  fifth  and  sixth  terga  of  the  dorsal  surface  of  the  abdomen." 
These  pouches  **  are  lined  by  a  continuation  of  the  chitinous  cuticle,  which 
forms  within  the  pouches  numerous  stiff,  branched,  finely  pointed  hairs, 
beneath  which,  L  e.,  on  the  side  towards  the  body  cavity,  are  numerous 
glandular  epithelial  cells."  MinchirCs  supposition  that  these  organs  are 
odoriforous  glands  has  been  proved  to  be  correct  by  Haaae  [*89J.  *'  Drueckt 
man  naemlich  das  Abdomen  einer  Kuechenschabe  derart,  dass  die  Leibes- 
hoehleDfiuessigkeit  nach  hintea  gedraengt  wird,  so  treten  zwischen  dem 
6  und  6.  Hinterleibessegmeut  vor  den  harten  Rueckeoplatten  des  letzteren 
zwei  kleine,  durch  das  eindringende  Blut  gelblich  durchscbeinende  Saeck- 

« 

chen  hervor  und  verbreiten  sofort  ganz  intensiv  den  bekannten  Schaben- 
gestank.  Dass  dieser  seine  Quelle  in  den  beiden  Stinkdruesen  hat,  wird 
durch  vorbichtige  Ausloesung  der  letzteren  leicht  nachgewieson."  Similar 
eversible  stink  glands  have  been  observed  in  the  Blattid  Corydia  by  GerS' 
taecker  ['01]  and  Haase  [89]. 

An  American  Phasmid,  Aniaomorpha  hvprestoides,  has  well  developed 
repugnatory  glands,  which  have  been  alluded  to  by  Say  ('59,  Vol.  I, 
p.  84)  and  other  writers.  I  quote  from  Maynard  ('89)  who  has  published 
the  latest  account:  *'The  devil's  horses,  as  they  are  called  by  the  negroes, 
were  ia  pairs,  the  females  being  evidently  about  lo  deposit  their  eggs.  I 
usually  found  them  lying  quietly  in  a  fold  of  the  saw-palmetto,  with  the 
legs  close  to  the  body,  and  the  antennae  together  and  pointing  straight  for- 
ward while  the  comparatively  diminutive  male,  which  is  never  more  than 
a  third  as  large  as  the  female  lay  close  beside  his  mate,  always  clinging  to 
her  whenever  she  moved  and  was  thus  carried  by  her.  Both  were  very 
sluggish,  not  moving  until  actually  touched,  then  the  female  raised  herself 


The  First  Abdominal  Segment  of  Embryo  Insects,  119 

Blowly  on  her  hind  legs  and  straightway  there  emerged  two  streams  of  a 
vaporous  fluid  from  the  upper  angle  of  the  thorax  near  the  neck.  These 
streams  were  directed  forward,  but  at  a  slight  angle  outwardly  and  up- 
ward, that  is  when  the  insect  was  resting  on  a  horizontal  surface.  When 
the  matter  discharged  first  leaves  the  orifice  from  which  it  is  expelled,  it  is 
a  milky  fluid,  but  as  it  is  apparently  as  volatile  as  etlier,  it  almost  instantly 
assumes  the  form  of  vapor  and  is  projected  at  least  six  inches.  This  fluid 
has  a  most  peculiar  pungent  or  peppery  odor  and  although  the  moisture 
from  it  dries  away  very  quickly  from  any  object  with  which  it  comes  in 
contact,  the  odor  is  retained  for  a  long  time.  The  fluid  when  thrown 
against  the  hand  has  no  perceptible  effect  on  the  skin,  but  I  have  been  told 
repeatedly  by  the  negroes  that  the  effect  upon  the  eyes  is  very  painful." 

Odoriferous  organs  are  well  developed  in  the  Hemiptera.  Everybody  is 
familiar  with  the  secretions  emitted  from  the  metathoracic  pear  shaped 
glands,  the  duct  of  which  opens  by  means  of  the  osteoles  between  the  hind 
legs. 

The  Neuropteran  lace-wings  (Chrysopa)  are  characterized  by  a  powerful 
and  very  unpleasant  odor. 

Passing  to  the  Coleoptera,  many  Carabida),  that  produce  from  their  anal 
glands  secretions  containing  formic  and  butyric  acid  might  l>e  mentioned. 
Every  collector  of  our  native  Coleoptera  must  have  noticed  the  very 
powerful  secretion  produced  by  our  common  Chlaenius  sericeus  when 
captured.  The  bombardier-bi^etles  [Brnchynus],  are  well  known  for  their 
habit  of  emitting  clouds  of  pungent  secretion  accompanied  by  decrepita- 
tion. Lonian  ['87]  has  recently  asserted  that  the  gaseus  secretion  of  the 
anal  glands  of  the  Paussid  Cerapterus  4-  maculatus  contains  free  iodine. 
Among  Cerambycids  the  Euro[)ean  Aromia  moschata  has  a  powerful  musky 
odor  and  the  allied  Callichroma  phcatum,  emits  a  strong  honey-like  smell 
according  to  the  statement  of  my  friend  Mr.  F.  Rauterberg,  who  has  col- 
lected numbers  of  these  beautiful  insects  in  Texas.  The  members  of  the 
genus  Meloe  exude  oily  drops  of  cantharadin  from  the  joints  of  their  legs 
when  disturbed.  The  Coccinellon  have  a  similar  habit  of  exuding  a  deep 
yellow  liquid.  The  Tenebrionida?  are  usually  supplied  with  some  un- 
pleasant secretion. 

Odoriferous  glands  occurs  both  in  larval  and  imaginal  Lepidoptera* 
Fritz  Mueller  has  studied  the  scent  glands  [Duftflecken]  on  the  wings  of 
numerous  South  American  Lepidoptera  ( '86  a  —  e).  The  forked  protrusile 
gland  of  Papilio  larvae  and  the  pungent  odor  which  it  diffuses  is  well  known. 
Its  structure  has  been  described  by  Klemensiewicz  [  '82].  One  of  our  com- 
mon species  of  Pieris  has  redolent  wings.  According  to  Maynard  [  '89] 
the  exquisite  little  Bombycid  Utetheisa  bella  "exudes  an  orange  colored 
fluid  from  its  thorax  that  has  an  unpleasant  odor."  According  to  Packard 
the  larva  of  Lochniunns  tessella.  Pack,  when  disturbed  sends  out  from  each 
side  of  the  Ixydy  a  shower,  or  spray  of  clear  liquid.  *'  The  opening  of  the 
ii:land  is  in  the  lower  anterior  part  of  the  protlioracic  segment".    Poulton 
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[  '86]  has  described  the  formic  acid  secretion  ejected  from  the  prothorax  of 
Dicranura  vinula.  According  to  the  same  obeeryer  Dicranurafurcat a 
everts  from  the  same  region  of  the  prothorax  a  gland '*  consisting  of  six 
diverging  processes  of  a  light  green  color,  divided  into  two  groups  of  three 
each."  He  also  mentions  an  eversible  gland  in  the  prothorax  of  the 
larvsa  of  Melitaea  artemis  and  Catocala  species. 

Peculiar  scent  organs,  resembling  those  of  the  larval  Papilio  and  con- 
sisting of  a  pair  of  tentaculiform  processes,  eversible  from  between  the 
seventh  and  eighth  ventral  segments  of  the  male  imagines,  have  been  des- 
cribed by  Smith  ('86)  for  the  Bombycids  Leucarctia  acrcBa  and  Pyrrharctia 
iaabella.  These  processes,  which  are  orange  colored  and  fully  half  an  inch 
long  in  Leucarctiay  but  whitish  and  somewhat  shorter  in  Pyrrharctia  are 
covered  with  hairs,  blackish  in  the  former  and  snow  white  in  the  latter 
species.  **  In  both  species  an  intense  odor,  somewhat  like  the  smell  of 
laudanum,  is  apparent  when  first  the  tentacles  are  exposed;  and  there  is 
no  reasonable  doubt  but  that  they  are  odor-glands,  though  exactly  what 
purpose  they  serve  is  not  so  clear."  Smith  says  that  a  Mr.  Morgan  has 
described  these  organs  in  L.  acrcea  and  similar  structures  in  Agroti8ple<!ta 
and  Euplexia  lucipara;  and  that  similar  organs  have  been  described  for 
Aletia  xylina  by  Riley. 

Among  the  Diptera  prominent  cases  are  rare.  Caen  amy  in  ferruginea 
emits  an  odor  which  reminds  me  of  the  juice  of  a  certain  species  of 
Hypericum,  and  which  has  often  enabled  me  to  detect  the  presence  of  the 
insect  in  the  woods  when  several  feet  distant.  The  odor  is  retained  in 
dried  insects  that  have  preserved  for  years  in  collections.  The  species  of 
Gcw^rop/aVits  have  a  sharp,  disagreeable  smell,  powerful  in  some  species, 
faint,  but  still  perceptible  in  others.     (  lA'.unis  '86,  vol.  II.  p.  119.) 

Among  the  Uymenoptera  the  formic  acid  secretions  of  the  ants  are  well 
known.  The  catapillarlike  larva?  of  the  species  of  Cinibcr,  both  Eu- 
ropean and  American,  when  irritated  secrete  a  pungent  green  li(|uid  from 
pores  arranged  along  the  sides  of  the  body. 

The  cases  cited  are  but  a  few  of  the  many  that  will  occur  to  every  field 
entomologist.  The  histological  structure  of  the  glands,  so  different  in 
different  forms,  has  not  been  considered,  as  it  would  lead  me  beyond  the 
confines  of  my  subject.  On  a  jyriori  grounds  we  should  expect  to  find  that 
structures  so  useful  to  their  possessors  as  the  odorifferous  glands  are  to  in- 
sects, have  been  profoundly  modified  by  the  action  of  natural  selection. 
Their  wide  occurrence  in  insects  of  all  orders  shows,  moreover,  that  they 
have  been  in  use  for  a  great  length  of  time.  The  Archentoina  probably 
lived  in  damp  places  like  those  inhabited  by  the  living  species  of  Pcripatu8y 
Myriopoda,  Thysanura  and  Dlattidae  and,  being  of  a  harmless  nature  like 
their  modern  descendants,  might  have  made  considerable  use  of  large 
odoriferous  glands  on  the  pleurae. 

If  I  am  <jorrect  m  my  supposition  that  the  pleuropodia  f unctured  in  the 
Archeiitoma  as  odoriferous  organs,  they  must  be  regarded  as  much  less  per- 


The  First  Abdominal  Segment  of  Embryo  Insects.         121 

feet  structures  than  their  modem  equivalents,  such  as,  for  instance,  the  anal 
glands  of  the  Carabidae  and  the  analogous  metathoracic  organs  of  the 
Hemiptera. 

Of  the  three  types  of  pleuropodia,  which  I  have  distinguished,  the  evag- 
inate  bulbiform,  calyculate,  and  inva^inate,  each  had  its  advantages  and 
disadvantages,  as  a  secretory  organ.  The  evaginato  bulbiform  pleuro- 
podium  presents  extensiveTsecreting  surface  but  from  its  prominence  and 
necessarily  delicate  covering  it  would  be  readily  injured.  Situated  on 
the  abdomen  in  the  median  ventral  line,  or  in  line  with  the  metathoracic 
legs  such  organs  would,  if  prominent,  be  rubbed  against  the  ground  or  inter- 
fere with  the  movements  of  the  hind  legs.  This  is  probably  why  the  pleu- 
ropodia  move  towards  the  pleurae  and  project  from  points  outside  of  and 
near  the  insertion  of  the  metathoracic  legs.  This  position  is  also  most  ad- 
vantageous forrepugnatory  organs. 

The  calyculate  type,  being  a  transition  from  the  bulbiform  to  the  Invag- 
inate  types,  has  the  tips  of  the  secreting  cells  protected.  The  secretion 
may  accumulate  in  the  cavity  of  the  organ  and  be  expelled  to  more  advan- 
tage when  the  animal  is  irritated.  The  projection  of  the  organ  beyond  the 
general  surface  of  the  body,  however,  renders  it  subject  to  the  same  injur- 
ies as  organs  of  the  bulbiform  evaginate  type. 

The  advantages  and  disadvantages  of  the  pleuropodia  of  the  invaginate 
type  are  obvious.  The  glandular  cells  are  efficiently  projected,  but  in 
Zaitha  and  Cicadci  the  secreting  surface  of  the  cells  is  much  reduced. 
Were  these  glands  hollow  we  should  have  much  more  efficient  organs,  re- 
sembling the  stinkglands  of  Julus.  It  is  probable  that  such  hollow  invag- 
inated  pleuropodia  will  yet  be  discovered  in  some  insect  embryos.  (Hemip- 
tera?) 

In  the  best  examples  of  modern  odoriferous  glands,  like  the  anal  glands 
of  the  Carabidae,  where  all  the  delicate  secreting  cells  are  protected  by 
being  pushed  into  the  body  cavity,  their  being  tubular  or  racemose  greatly 
increases  the  amount  of  secreting  surface,  while  the  presence  of  a  reservoir 
renders  it  easy  for  the  insect  to  dispose  of  a  great  amount  of  its  malodor- 
ous secretion  at  a  moment's  notice.  Forms  like  the  larval  Papilio  with  its 
eversible  prothoracic  gland  have  all  the  advantages  possessed  by  the  bulbi- 
form pleuropodia  with  none  of  the  disadvantages,  since  the  delicate  organ 
can  be  drawn  back  into  the  integment  out  of  the  reach  of  injury. 

The  little  inefficiencies  exhibited  by  all  the  pleuropodia  as  odoriferous 
glands  when  compared  with  the  more  perfect  of  their  modem  analogues, 
probably  explain  why  the  latter  have  usurped  their  places.  The  pleuro- 
podia would,  on  this  supposition,  furnish  an  excellent  example  of  a  set  of 
orgims  that  have  gone  down  in  the  struggle  for  existence  and  have  been  re- 
placed by  organs  of  more  perfect  structure  though  of  the  same  general 
function. 

It  is  interesting  in  this  connection  to  cast  a  glance  at  Scudder^s  tables  il- 
lustrating the  sequence  and  relative  importance  of  the  different  orders  of 
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insects  daring  geological  time,  P86,  p.  110  to  118].*  Seudder*8  group  of 
PcUaeodietffoptera  extends  from  tlie  Silurian  to  the  Trias,  culminating  in 
the  CSarbonif  erons  and  Permian.  This  group  comprises  the  generalized  pre- 
cursors of  the  more  modem  Orthoptera,  Efemiptera,  Neuroptera,  and  Goleop- 
tera.  It  seems  not  unlikely  that  some  or  all  of  these  ancient  forms  may  have 
posfiessed  pleuropodia  throughout  life,  and  that  specimens  may  yet  be 
found  perfect  enough  to  show  these  organs  in  the  adult.  The  Orthoptera, 
Neuroptera  and  Coleoptera  proper  appear  in  the  Trias,*  while  the  Hemip- 
tera  are  comparatively  well  represented  in  the  Lias.  Now  these  more  ancient 
orders,  constituting  the  division  Heterometabola  (of  Packard),  are  just  the 
.ones,  as  will  be  seen  from  a  glance  at  my  table,  whose  embryos  pos- 
sesB  pleuropodia.  The  Diptera,  and  Hymenoptera,  occurring  in  the  Lias, 
and  the  Lepidoptera,  appearing  in  the  Oolite,  have  to  all  appearances  kept 
increasing  in  number  and  variety  up  to  the  present  time.  In  the  embryos 
of  insects  of  these  orders,  comprising  the  Metabola  of  Packard,  no  pleuro- 
podia have  been  observed  up  to  date. 


D.  Homologues  of  the  Pleuropodia  in  the  Lower  Tracheata. 

A  consideration  of  the  pleuropodia  of  insects  embryos  would  be  incom- 
plete without  a  search  for  their  homologues  among  the  lower  Tracheata, 
where  there  are  numerous  forms  with  abdominal  appendages  more  or  less 
clearly  developed.  Organs  of  more  or  less  interest  in  connection  with  the 
pleuropodia  of  insects  occur  in  scorpions,  Solif ugse,  spider  embryos,  Sym- 
phyla  and  Thysanura.    These  cases  I  will  consider  in  order. 

Cholodkovnky  ['89]  has  called  attention  to  the  ** combs"  of  scorpions  in 
connection  with  the  pleuropodia  of  Blatta,  These  organs,  according  to  all 
accounts,  develop  as  a  pair  of  appendages  on  the  second  abdominal  seg- 
ment and  function  throughout  postembryonic  life  as  sense  organs.  They 
cannot  be  regarded  as  the  homologues  of  the  pleuropodia,  since  there  is 
no  ground  for  maintaining  a  homology  between  the  second  abdominal 
segment  of  the  Arthrogastera  and  the  first  abdominal  segment  of  the 
Hexapoda. 

Another  case  of  a  somewhat  similar  nature  has  been  made  known  by 
Croneberg  ['87]  in  Qaleodes  araneoides.  In  the  just  hatched  embryo  of 
this  Solpugid,  there  is  a  pair  of  flat  wing  shaped  appendages  alK)ut  0.5  mm 
long  on  the  cephalothorax  intercalated  between  the  first  and  second  pairs 
of  legs.  Their  insertions  are  more  pleural  than  those  of  the  ambulatory 
appendages.  Like  the  pleuropodia  of  insects,  they  are  pedunculated  sacks 
consisting  of  a  single  layer  of  ectoderm  cells  and  contain  neither  tracheae, 
muscles  nor  nerve«>.  No  traces  of  these  peculiar  organs  arc  to  be  found  in 
the  adult  Qaleodes,    It  seems  to  me  very  doubtful  whether  these  organs 

*  Since  the  publication  of  Scudder's  work  alluded  to,  undoubted  remains  of  Coleop- 
tera have  been  found  in  the  Coal  Measures  of  Sillsia. 
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are  to  be  regarded  as  modified  cephalothoracic  appendages  and  not  rather 
as  outgrowths  of  the  pleural  wall  out  of  line  with  the  legs.  The  isolated 
fact,  though  interesting,  can  be  of  little  service,  till  reinforced  by  more  ob- 
servations. Of  course  no  homology  can  be  maintained  between  these  wing- 
like organs  and  the  pleuropodia  of  insect  embryos. 

In  spider  embryos  the  knob-shaped  api>endages  on  the  four  basal  ab- 
dominal segments  are  very  distinctly  defined.  Thoy  have  been  described 
by  Balfour  ['80],  Locy  ['86],  Bruce  ['87]  and  Morin  ['87].  There  can  be  no 
doubt,  from  the  manner  in  which  they  arise,  that  these  knob  shaped  ap- 
pendages are  the  serial  homologues  of  the  cephalothoracic  appendages,  but 
80  vague  is  our  knowledge  of  the  segmental  homologies  between  the 
Arachnida  and  Hexapoda,  that  it  is  impossible  to  say  which  of  the  four 
pairs  of  appendages  corresponds  to  the  pleuropodia. 

Bruce  ['87],  maintains  that  in  spiders  *'  probably  two  abdominal  append- 
ages are  invaginated  to  form  each  lung-book."  According  to  Morin  ['87]  the 
first  pair  of  knob-shaped  appendages  l)ecorae  the  covers  of  the  lungs  which  in- 
vaginate  at  their  bases;  the  second  pair  disappear  completely,  while  the  third 
and  fourth  pairs  form  the  spinnerets,  the  ectoderm  on  the  summit  of  each 
of  the  four  protuberances  invaginating  to  form  the  spinning  glands.  Bar- 
ring the  question  of  homology,  tlie  observations  on  the  pleuropodia  of 
Cicada  and  Zaitha^  given  in  the  first  part  of  t^his  paper,  make  it  easy  to  see 
how  an  appendage  might  invaginate  to  form  a  lung-book,  as  maintained 
by  Bruce. 

As  soon  as  we  reach  the  Symphyla  and  Thysanura,  we  no  longer  en- 
counter any  difficulty  in  settling  on  the  true  homologue  of  the  first  abdomi- 
nal segment  of  insects. 

The  remarkable  synthetic  form,  Scolopendrella^  has  twelve  pairs  of  legs. 
Ryder  ['81],  Packard  ['81]  and  Haase  [*87].  agree  that  the  first  three  pairs 
are  to  be  regarded  as  the  homologues  of  the  three  pairs  of  legs  of  the  in- 
secta  and  that  the  three  segments  to  which  they  belong,  are  to  be  regarded 
as  the  homologues  of  the  pro-,  meso-and  metathoracic  segments  respectively. 
If  this  view  be  correct,  and  there  is  certainly  nothing  to  militate  against  it, 
then  W3  may  regard  the  fourth  postcephalic  segment  of  Scolopendrella 
as  the  homologue  of  the  first  abdominal  segment  of  insects.  This  being  the 
case,  the  two  ambulatory  legs  attached  to  this  segment  in  the  Symphyla 
are  the  homologues  of  the  pleuropodia  of  embryo  Hexapods. 

From  the  Symphyla  we  pass  to  the  Thysanura,  a  group  comprising  sev- 
eral forma  of  interest  in  connection  with  the  pleuropodia  of  embryo  insects. 
Appendages  are  known  to  occur  on  the  basal  abdominal  segment  in 
Campodea,  Machilis  and  allied  species,  and  in  the  Collembola.  Through- 
out the  Thysanuran  group  the  basal  abdominal  segment  Is  doubtless  to  be 
regarded  as  truly  homologous  with  the  first  abdominal  segment  of  the 
higher,  or  winged  Hexapodi  (Pterygogenea).  Hence,  a  pair  of  appendages 
arising  on  this  segment  in  the  Thysanura  as  ectodermic  evaginations,  with 
mesodermic  cores,  in  line  with  and  at  approximately  the  same  time  as  the 
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thoracic  appendages,  is  to  be  considered  as  truly  homologous  with  the 
pleuropodia  of  embryo  insects. 

It  has  long  been  known  that  species  of  Campodea  bear  on  the  first  ab- 
dominal segment  a  pair  of  two- jointed  appendages  homostichous  with  the 
meta-thoracic  logs.  No  such  appendages  appear  on  any  of  the  other  ab- 
dominal segments;  a  fact  which  would  seem  to  indicate  that  they  eitiier 
still  subserve  some  particular  function  or  are  the  rudiments  of  ODoe  func- 
tional organs  differentiated  from  a  pair  of  probably  ambulatory  append- 
ages. As  I  have  been  unable  to  obtain  specimens  of  Campodea  for  study, 
and  can  find  no  record  in  the  literature  to  which  I  have  access  of  any  ob- 
servations made  from  sections  of  this  pair  of  curious  appendages,  I  cannot 
decide  which  of  these  conjectures  is  the  more  probable.  Be  this,  howevoTt 
as  it  may,  Campodea  is  to  be  regarded  as  a  form,  which,  so  far  as  its  append- 
ages axe  concerned,  remains  throughout  life  in  a  stage  corresponding  with 
the  Orthopteran  or  Cgleopteran  embryo  just  after  revolution. 

The  second  to  seventh  abdominal  segments  of  Campodea  present  each  a 
pair  of  small  unsegmented  styliform  appendages.  These  contrast  in  size 
and  shape  with  the  j>air  of  appendages  on  the  basal  segment  In  Japjfx 
the  differentiated  basal  abdominal  appendaices  of  Campodea  are  replaced 
by  styliform  appendages,  pairs  of  which  also  occur  on  the  second  to  seventh 
segments.  In  Nusohtia  sad  Machilie  styliform  appendages  occur  on  the 
second  to  ninth  abdominal  segments.  MachUis  also  presents  similar  pro- 
cesses on  the  coxal  insertions  of  the  meso-and  metathoracic  legs.  The 
number  of  these  style-like  organs  varies  in  different  species  of  Lepiamina. 
In  Lepisma  aaccharina  such  appendages  occur  only  on  the  eighth  and  ninth 
abdominal  segments.  Oudemanus  [*89]  has  found  them  on  the  seventh  to 
ninth  abdominal  segments  of  Thermophila  furnorum. 

These  paired  styliform  processes  are  not  regarded  by  Haase  as  homo- 
logous with  the  true  abdominal  appendages  of  the  Symphyla  and  Myrio- 
poda,  but  as  homologous  with  the  coxal  spurs  of  the  lower  Tracheata. 
He  consequently  maintains  that  the  real  appendages  to  which  they  be- 
longed have  disappeared  on  all  the  abdominal  segments  of  MachUis  and 
its  allies  and  on  all  except  the  first  abdominal  segment  of  Campodea, 
Haase  supports  this  view  with  the  following  facts.  In  their  structure,  the 
styliform  appendages  resemble  very  closely  the  spines  and  spurs  so  com- 
mon on  the  body  and  legs  of  the  Tracheata.  Tliey  are  unsegmented  and 
unlike  true  appendages  contain  no  muscular  core.  They  correspond  in 
structure,  and  in  their  method  of  insertion  with  the  coxal  spurs  of  Myrio- 
pods,  Scolopendrella^  Thysanura  and  certain  Blattce  [notably  South  Amer- 
ican Blaberida)].  Haase,  who  seems  to  have  given  very  careful  attention 
to  this  subject,  is  very  probably  correct  in  his  conclusions  in  regard  to 
these  styliform  appendages,  or  '*pseudozampe,"  as  they  are  called  by 
Orassi;  still  the  proof  cannot  be  regarded  as  complete  till  their  early  de- 
velopment has  been  studied. 

Though  the  appendages  under  consideration  contain  no  muscular  tissue 
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'when  fully  developed,  it  is,  of  course,  possible  that  they  may  have  contained 
evaginations  of  the  mesodermic  somites  during  the  first  stages  of  their 
development.  We  have  a  case  in  point  in  the  pleuropodia  of  insect  em- 
bryos. In  the  younger  stages,  as  I  have  shown  in  Blatta,  each  of  the  two 
mesodermic  somites  of  the  first  abdominal  segment  sends  a  papillar 
process  into  an  evaginating  pleuropodium  in  exactly  the  same  manner  as 
the  mesodermic  somites  of  the  thorax  send  processes  into  the  legs.  Subse- 
quently, when  the  pleuropodia  have  become  distinctly  differentiated,  the 
mesodermic  elements,  which  in  the  thoracic  appendages  persist  and  are 
converted  into  muscles,  are  pushed  back  into  the  body  cavity.  Using 
Haaae's  criterion  and  considering  only  the  mature  appendages,  we  should 
not  be  justified  in  regarding  the  pleuropodia  as  true  appendages. 

The  evidence  in  regard  to  the  origin  of  the  styliform  append- 
ages, which  Haaae  has  .failed  to  give  us,  is  at  least  in  part  supplied  by 
Oudemanns  ['87.]  The  Dutch  investigator  observed  that  of  the  three 
pairs  of  styliform  processes  occurring  on  the  7th,  8th  and  9th  abdominal 
segments  in  both  sexes  of  Thermophila  furnorum,  only  one  pair,  and  that 
the  hindmost,  was  to  be  found  in  the  youngest  specimens  examined.  Next 
in  order  of  time  appears  the  pair  on  the  eighth  and  finally  the  pair  on  the 
seventh  abdominal  segment.  Thi:4  manner  of  making  their  appearance,  as 
Oudemanns  suggests,  is  strong  evidence  against  their  being  true  append- 
ages. It  may  also  be  noted  in  this  connection  that  the  styliform  append- 
ages even  in  those  forms  that  possess  many  pairs  are  longest  on  the  pos- 
terior segments  and  gradually  diminish  in  length  anteriorily.  This  is 
contrary  to  what  we  expect  in  true  appendages;  for  these  in  insect  em- 
bryos usually  decrease  in  distinctness  and  prominence  in  the  opposite 
direction. 

In  the  Collembola  a  peculiar  organ,  called  by  Packard  the  collophore, 
occurs  in  the  median  ventral  line  of  the  first  abdominal  segment.  This 
organ  is  thus  described  by  Lubbock  CIS j  p.  68): 

''Underneath  the  anterior  abdominal  segment  is  the  ventral  tube,  or 
sucker.  In  Podura,  Lipura,  and  the  allied  genera,  this  organ  is  a  simple 
tubercle,  divided  into  two  halves  by  a  central  slit;  in  other  genera,  as,  foi 
instance,  in  Orchesella  and  TomoceruSf  the  tubercle  is  enlarged,  and  be- 
c6mes  a  tube  divided  at  the  free  end  into  two  lobes.  In  the  Smynthuridae 
and  Papiriidae  the  organ  receives  a  still  further  and  very  remarkable  de- 
velopment; from  the  end  of  the  tube  the  animal  can  project  two  long,  del- 
icate tubes,  provided  at  their  extremity  with  numerous  glands.'' 

Lubbock  makes  the  following  remarks  on  the  function  of  the  collophore: 

**  No  one,  indeed,  who  has  watched  the  habits  of  the  Collembola,  can 
doubt  its  function.  If  a  Smynthurus  is  laid  on  its  back  —  a  position  from 
which  it  has  some  difficulty  in  recovering  its  feet  — and  if,  while  it  is  in 
this  attitude,  a  piece  of  glass  is  brought  within  its  reach,  the  animal  will 
endeavor  to  seize  it  with  the  feet,  but  at  the  same  time  it  will  project  one 
or  both  of  the  ventral  tentacles  and  apply  it,  or  them,  firmly  to  the  glass, 
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•mittiiig  at  the  same  time  a  drop  of  flaid,  which,  no  doubt,  sives  a  better 
h<dd.  In  the  parallel  case  of  the  Poduridae,  M.  1'  Abb6  Bourlet  supposes 
that  the  ventral  tube  act  as  follows:  *'  1*  qu*  il  sert  4  oes  insectes  d  se  main- 
tenir  sur  les  surfiioes  perpendiculaires  en  y  faii«nt  le  vide;  3*  que  leliquide 
exor6t6  par  lui  sert  4  humectiv  la  queue  et  la  rainure;  8*  qu'  il  suppl^e  4  la 
faiblesse  des  p^ttes  dans  lea  chutes  qui  snivent  les  sauts.*'  I  am,  therefore, 
disposed  to  agree  with  him  in  so  far  as  he  denies  that  the  adhesive  power 
depends  altogether  on  the  viscous  fluid;  but,  on  the  other  hand,  I  cannot 
attach  much  importance  to  his  two  latter  suggestions.  De  Qeer  well  un- 
derstood the  use  of  this  curious  organ.  He  says:  ''  Quand  la  Podure  [un- 
der which  name  he  includes  the  present  genus  Smynthunui]  marchait  oon- 
tre  lea  parois  du  poudrier,  il  lui  arrivait  souvent  de  glisser;  c*  6tait  oomme 
si  les  i^eds  lui  manquaient,  de  fagon  qu*  elle  £tait  sur  le  point  de  tomber; 
dans  r  mutant  rodme,  les  deux  filets  parurent  et  f urent  lanc^  avec  rapidity 
hon  de  leur  6tui,  s*  attachant  dans  le  moment  an  verre  par  la  matidre 
ghunte  dont  ils  sont  enduits,  en  sorte  qu*  alors  la  Podure  se  trou vaSt  oomme 
Miqwndue  a  ces  deux  filets.**  Nicolet  gives  a  similar  explanation  of  their 
function,  and,  like  De  Geer,  attributes  the  adhesiveness  to  the  glutinous 
matter  which  they  secrete.** 

The  question  has  presented  itself  to  me:  Is  not  the  collophore  developed 
from  a  imir  of  true  appendages  united  in  the  median  ventral  line,  though  seri- 
ally corresponding  m*ith  tlie  thoracic  Icrs  and  hence  truly  homologous  with 
the  pleuropodia  of  insect  embryos?  Although  I  have  been  unable  to  give 
the  subject  the  careful  Htudy  which  it  deserves,  I  believe  that  I  have  un- 
earthed a  few  facts  calculated  to  answer  the  question  in  the  affirmative. 

The  only  embryological  observations  made  up  to  date  on  the  origin  of  the 
collophore  are  recorded  in  Uyders  brief  account  of  the  development  of 
Aiiurida  maritivia  ['86].  His  figures  [Figs.  0,  9  and  10,  plate  15]  show 
clearly  that  the  collophore  consists  of  a  pair  of  true  appendages  applied  to 
each  other  in  the  median  ventral  line,  even  if  he  had  not  expressly  stated 
that  *•  during  the  earlier  stages  the  limbs,  antennas,  collophore,  etc.,  had  the 
form  of  mere  blunt,  paired  papillae,  or  of  blunt,  clavate,  tentacle-like 
paired  outgrowths  from  the  lateral  surfaces  of  the  ventral  plate  or  elong- 
ated germinal  area." 

I  can  supplement  this  embryological  evidence  bv  a  few  observations  on 
the  collophore  of  Aniiriila  m%ritimi.  This  maritim?  species  was  found 
in  great  numbers  clinging  to  the  under  surfaces  of  stones  between 
tides  at  Woods  HoH,  Mass.  Its  collophore  is  less  complicated  than  that  of 
our  common  ioland  forms,  and  therefore  better  calculated  to  give  a  cor- 
rect idea  of  the  fundamental  pattern  underlying  its  structure.  Specimens 
were  killed  by  being  placed  for  a  minute  in  Carney's  fluid  heated  almost 
to  boiling  and  were  then  preserved  in  80  per  cent,  alcohol. 

The  collophore  is  quite  prominent  in  surface  view  (Fig.  16  c.)  appearing 
as  a  heart  shaped  tubercle  on  the  middle  of  the  ventral  face  of  the  basal 
abdominal  segment.    The  lateral  edges  are  raised  to  form  distinct  rims. 
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crowned  with  a  few  feeble  hairs.  The  portion  included  between  the  lateral 
rims  is  flat  and  of  a  much  paler  color  than  the  remainder  of  the  integument, 
which  is  provided  with  an  abundance  of  blue  pigment.  A  very  distinct 
Blit  divides^the  organ  into  two  symmetrical  halrest  This  is  all  tliat  can  be 
Been  from  the  surface;  for  further  details  recourse  must  be  had  to  cross 
sections.  (Fig.  15.)  Here  it  is  seen  that  the  projection  of  the  organ  above 
the  general  surface  of  the  segment  is  about  equal  to  its  diameter.  The 
outicle  (ct)  is  rather  thick  and  externally  very  finely  papillose.  This  un- 
evenness  of  surface  is  continued  over  the  lateral  rims,  but  where  the 
center  is  depressed  and  paler  the  papillose  cuticle  is  replaced  by  a  smooth 
aod  more  delicate  layer  (ct.\  which  stains  pink  in  lithium  carmine.  This 
portion  of  the  cuticle,  deeply  induplicated  at  the  median  slit  that  divides 
the  organ  into  two  symmetrical  halves,  evidently  differs  considerably  in 
its  chemical  structure  from  the  unstainable  papillose  cuticle  covering  the 
remainder  of  the  body.  The  hypodermis  forming  the  sides  of  the  coUo- 
phore  has  very  large  flattened  nuclei  {hy,)^  which  are  almost  concealed  in 
the  dense  layer  of  pigment.  Beneath  it  lies  a  mass  of  connective  tissue 
(en).  At  the  inner  boundary  of  the  rim  of  the  ventral  face  of  the  organ, 
where  the  papillose  cuticle  is  replaced  by  the  delicate  and  stainable  layer, 
thu  hypodermis  also  undergoes  a  marked  change.  From  being  a  rather 
thin,  deeply  pigmente<l  layer  with  huge  flattened  nuclei  it  becomes  a 
thicker  layer  of  evenly  granular,  unpigmented  protoplasm,  smooth  on  its 
external  face  but  raised  into  numerous  rounded  protuberances  on  its  inner 
surface,  {gl.)  A  spherical  nucleus  couKiderably  smaller  than  those  of  the 
pigmented  hypodermis,  is  lodged  in  each  of  these  protuberances,  which 
thus  represent  the  different  colls.  These  are  not,  however,  separated  by 
perceptible  boundary  lines:  hence  this  modified  portion  of  the  hypodermis, 
and  perhaps  also  the  unmodified  portion,  is  to  be  regarded  as  a  syncytium. 
The  whole  of  the  hypodermis  underlying  the  modified  cuticle  is  peculiarly 
and  symmetrically  folded.  In  its  center  it  presents  a  broad  induplication 
conespjnding  with  the  narrower  one  of  the  superjacent  cuticle.  The  cells 
forming  this  median  portion  are  small  and  fiat.  On  either  side  there  is 
another  racher  deep  infolding,  to  the  inner  an$cleof  which  a  delicate  muscle 
is  attached.  (m«.)  The  ventral  nerve  chain,  indicated  at  n,  runs  beneath 
the  median  induplication.  As  may  be  seen  from  the  figure,  there  is  a  wide 
space  between  the  modified  hypodermis  and  its  cuticle.  I  have  seen  no 
traces  of  blood  in  this  cavity,  which  in  some  specimens  contains  small 
masses  of  a  granular  and  very  deeply  stainable  secretion,  {h.)  Larger 
masses  of  the  same  substance  are  frequently  seen  clinging  to  the  outer 
surface  of  the  modified  cuticle.  I  regard  the  modified  hypodermis  as  the 
gland  that  secretes  this  granular  substance.  The  cavity  of  the  organ 
bounded  on  the  outside  by  the  hypodermis  is  filled  with  blood  {hi.)  which, 
when  the  organ  i:^  called  into  action,  is  probably  forced  against  the  glandu- 
lar hypodermis,  the  two  retractor  muscles  relaxing.  Probably  the  infold- 
ing of  the  cuticle  is  pushed  out  simultaneously  with  the  three  infoldings 
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of  the  glandular  hypodermis.  The  great  extent  of  surface  of  the  hypoder- 
mis  compared  with  that  of  its  cuticle  may  indicate  that  during  protrusion 
the  latter  is  stretched  and  attenuated,  thus  allowing  the  secretion  of  the 
glandular  cells  to  transu'de  more  readily. 

I  have  made  no  observations  on  the  use  to  which  the  organ  is  put  by  the 
living  animal.  The  observations  of  Lubbock  and  De  Geer  quoted  above, 
render  it  probable  that  Anurida  maritima  uses  its  collophore  as  a  sucker 
wherewith  to  fasten  itself  to  the  surface  of  the  stone  while  the  water  ia 
rising  and  falling.  It  probably  does  not  leave  its  place  of  concealment 
during  high  tide  to  mo\;e  about  on  the  surface  of  the  water  like  some  of 
our  inland  species.  As  its  body,  like  that  of  most  other  species,  ia  not 
readily  wetted,  the  layer  of  air  that  would  cover  it  when  emersed  might 
be  sufficient  for  respii*ation  till  the  returning  ebb. 

The  collophore  of  Anurida,  may  be  readily  reduced  to  a  pair  of  append- 
ages applied  to  each  other  in  the  median  ventral  line.  The  median  in- 
duplication  of  the  hypodermis  and  the  corresponding  single  infolding  of  the 
cuticle  I  take  to  represent  all  that  remains  of  the  originally  wide  sternal  area 
separating  the  two  appendages.  Sections  through  the  more  complicated 
collophores  of  a  few  of  our  common  Podurids  have  convinced  me  that 
these  organs  are  also  reducible  to  the  simple  pattern  of  a  pair  of  appenda- 
ges more  or  less  closely  united  in  the  median  line.  I  have  not,  however, 
made  a  sufficiently  extended  study  of  the  more  complicated  types  to  be 
able  to  explain  the  manner  in  which  their  different  parts  originated.  It  is 
to  be  hoped  that  some  investigator  will  in  the  near  future  subject  these 
interesting  organs  to  a  rigid  comparative  examination,  from  both  an  ana- 
tomical and  physiological  standpoint.  Ryder  s  observations  on  the  embryos 
of  Amirida  maritima,  together  with  the  observations  I  have  presented  on 
the  adult  of  the  same  species,  render  it  very  probable  that  the  Collembolan 
collophore  is  to  be  regarded  as  a  pair  of  appendages  honiologoas  with  the 
pleuropodia  of  the  heterometaholous  insects. 

It  seems,  moreover,  not  improbable  that  the  collophore  of  the  CoUem- 
bola  may  have  been  derived  directly  from  the  pleuropodia  of  primitive  in- 
sects. Originally  a  pair  of  protuberances,  covered  with  a  sticky,  perhaps 
malodorous  secretion,  these  appendages  may  have  coire  to  be  of  assistance 
as  adhesive  organs  in  such  leaping  species  as  had  rather  weak  limbs  and 
lived  where  they  found  it  of  advantage  to  alight  on  surfaces  of  different 
inclinations. 

Milwaukee,  December  20th,  1889. 
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While  my  manuscript  was  bein^  copied  for  the  printer,  E.  Haaae's  re- 
cent paper  entitled  "  Die  Abdominalanh&nsre  der  Insel^ten,  mit  BerQck- 
sichtigung  der  Mjriopoden  "  (Morph.  Jahrb.  Bd  XV  8.  Heft.  p.  831-485, 
1889)  came  to  my  notice.  This  treatise,  by  far  the  most  complete  and 
accurate  ever  published  on  the  subject,  contains,  besides  a  mass  of  other 
observations,  so  many  inter^ting  facts  and  considerations  bearing  on 
what  has  been  set  forth  in  my  more  special  contribution,  that  I  seize  the 
opportunity  to  append  a  few  paragraphs  on  the  points  of  most  importance 
in  connection  with  the  pleuropodia  of  insect  embryos. 

Haase  has  made  a  study  of  the  pair  of  appendages  on  the  first  abdom- 
inal segment  of  Campodea  staphylinus  and  finds  that  they  are  specialized 
to  form  glandular  organs  (p.  378-380).  These  two-jointed  appendages  do  not 
stand  off  at  right  angles  to  the  body  but  are  applied  to  its  surface.  The 
inner  face  of  the  broadly  oval  distal  joint,  i.  e.,  the  face  turned  to  the 
ventral  surface  of  the  abdomen  is  beset  with  20-30  peculiar  hairs  (Baaran- 
h&nge)  arranged  in  rows.  The  two  outer  rows  are  composed  of  longer 
and  thicker  setas,  arranged  like  the  teeth  of  a  comb.  Each  bristle  is  in- 
serted on  a  rounded  follicle  (Balg)  which  is  surrounded  by  a  ridge.  A 
gland- cell  terminates  in  each  follicle.  This  pair  of  appendages  is  regarded 
by  Haase  as  '*rudimentare,  in  der  Entwicklung  zurtlckgebliebene 
Beine,"  and  hence  as  in  no  sense  homologous  with  the  ventral  scylets 
0  entralgriffel)  occurring  on  the  2nd  to  7th  abdominal  segments.  As  evi- 
dence in  favor  of  this  view  he  adduces  the  fact  that  the  appendages  of  the 
first  abdominal  segment  are  largest  in  young  CampodecB  and  that  their 
relative  size  diminishes  with  the  growth  of  the  insect. 

Haase  makes  a  somewhat  similar  observation  on  lapyx  gigas  and 
solifagus.  In  these  Thysanurans  no  appendages  are  developed  on  the  first 
abdominal  segment,  but  in  their  stead  six  peculiar  glands  which  are  de- 
scribed as  follows: 

**Bei.  Japyx  gigas  Brauer  aus  Cypern,  einer  Art  von  23-26  mm  Lange, 
tritt  an  der  ganzen  Bauchplatte  des  ersten  Abdominalsegmeutes  jederseits 
des  schmalen,  etwas  eingesenkten  Mittelschildes  eine  flache  Vorwolbung 
der  Seitentheile  auf .  Am  Hinterrande  liegen  jederseits  des  nur  0,125  mm 
breiten  mittelsten  StQckes,  das  eine  einfache  dQnne  Duplikatur  der  Ven- 
tralhaut  darstellt,  drei  scharfbegrenzte,  von  einer  bindegewebigen  Mem- 
bran  umschlo?sene  Drusenzellmassen,  welche  selbst  in  zuruckgezogenem 
Zustande  den  Plattenrand  noch  uberragen  und  von  einer  schmalen 
Ringfalte  eingeschlossen  sind.  Die  ausserste  Driisenmasse  ist  bei  0,25  mm 
Lange  0,135  mm  hoch  und  an  den  Vorderecken  abgerundet.  Die  mittlere 
bildet  einen  eher  abgerundet  rechteckigen  Korper  von  0,13  mm  L&nge 
und  0,13  mm  Hohe;  die  innerste  ist  flach  und  quer  gestreckt,  0.26  mm 
lang  und  nur  0,09  mm  hoch.  Die  beiden  ausseren  Drtisenmassen  sind  an 
ilirer  freien  Hinterflache  sehr  dicht,  die  innerste  sparlicher  mit  starren, 
spitzen,  gelben  Borstchen  besetzt,  die  bis  0,03  mm  lang  werden  und  deren. 

9— A.  &  L. 
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an  der  mittleren  Mabse  gegen  100,  an  der  Sussersten  Ober  200  vorkommen. 
Die  Drdsenzellen  sind  trfibe  clurchsheinend,  von  gelblicher  Farbe." 

**  Der  Bau  der  Dr&senmassen  am  ersten  Hinterleibsringe  von  J,  gigas 
wurdeanL&ngschnittenunterBucht.  Die  auf  der  Cuticula  stehenden  H&r- 
ohen  sind  gelDlich  und  bis  zur  Spitze  von  einem  weiten  Kanal  durchzo/ren, 
der  scheinbar  direkt  in  den  langen  Hals  einer  einzeliigan  Drflsenzelle  fiber- 
geht.  Die  Ausf(Uirg&nge  sind  in  der  Mitte  oft  stark  aufgeblasen,  w&hrend 
sie  dch  am  Ende  wieder  bis  zu  0,001  mm  Durchmesser  verschm&lem. 

Aehnlich  l&sst  sich  auch  bei  J,  solifugus  der  Uebergang  des  die  hohlen 
kurzen  Haarstacheln  durchziehenden  E^nals  in  den  dtlnnen  0,02 — 0,03  mm 
langen  AusfOhrungsgang  einzelliger  rundlieher  Hautdrtlsen  von  0,005 — 
•0,008  mm  Durchmesser  erkennen." 

These  observations  on  Campodea  and  Japyx  are  of  considerable  interest 
in  connectioii  with  the  hypothesis  advanced  in  the  concluding  paragraphs 
•of  my  paper.  Notwithstanding  the  glandular  portion  of  the  first  abdom- 
inal segment  in  Japyx  is  broken  into  six  clearly  defined  masses,  it  may 
«till  be  true  that'  originally  the  three  glands  on  either  side  of  the  median 
sternal  line  formed  only  one  mass.  The  pair  of  glands  which  might  thus 
have  given  rise  to  the  six  separate  masses  mav  be  traced  back  through 
structures  like  the  pleuropodia  of  Cicada  to  a  pair  of  true  glandular  ap- 
pendages like  those  on  the  first  abdominal  segment  of  Campodea,  Haase^a 
Fig.  17,  Plate  XV,  representing  a  section  through  the  glandular  mass  in 
■Japyx,  calls  to  mind  the  pleuropodium  of  Zaitha, 

Haase  also  gives  a  very  interesting  account  of  the  eversible  sacks, 
which  have  long  been  known  to  occur  in  pairs  on  the  ventral  faces  of  the 
abdominal  segments  in  many  Thysanura.  He  has  subjected  both  literature 
and  insects  to  a  painstaking  examination,  witli  results  that  I  here  very 
briefly  summarize:  In  the  Myriopod  Lysiopetalum  (two  species)  pairs  of 
eversible  sacks  occur  on  the  coxae  of  the  3rd-16th  pairs  of  legs;  in  Poly- 
zonium  germanicum  and  a  Moluccan  Siphonophora  there  is  a  pair  of  these 
sacks  on  nearly  every  segment  caudad  from  the  third.  Scolopendrella  has 
10  pairs  of  eversible  sacks,  a  pair  on  each  segment  from  the  3d  to  the  12th. 
In  Compodea  they  are  present  on  the  2nd  to  7th  abdominal  segments;  in 
Japyx  on  the  2nd  abdominal  segment.  In  MadiiliH  maritima  and  M. 
polypoda  pairs  of  eversible  sacks  occur  on  tlie  1st  to  Ttli  abdominal 
segments;  one  large  pair  on  the  first  and  two  smaller  pairs  on  each 
segment  from  tlie  2nd  to  the  5th;  the  Otli  and  Ttli  segments  are 
each  providt^d  with  but  a  single  pair  of  small  sacks.  Experimental 
evidence  is  adduced  to  i)rove  that  the  eversion  of  thet^e  sacks  is  a  voluntary 
act  on  the  part  of  the  insect,  brought  about  by  blood  pressure,  and  that 
when  evvrted  these  organs  subserve  a  respiratory  function.  To  distinguish 
them  from  tracheal  and  vascular  gills  Haase  designates  them  *'  Blutkicinen.''' 

The  study  of  these  peculiar  organs  naturally  leads  to  a  consideration  of 
the  CoUembolan  collophore,  to  which  Haase  also  ascribes  a  respiratory 
function.     Since  he  has  not  yet  completed   his  study  of  this  organ,  his 
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remarks  are  meagre,  and,  I  believe,  open  to  some  objection.  Thus,  in 
disregard  of  Ryder's  observation  on  the  embryo  Anurida,  he  supposes  the 
bifurcate,  protruaible  and  glandular  portion  of  the  collophore  to  be  derived 
from  a  pair  of  eversible  sacks  apposed  in  the  median  ventral  line. .  On 
page  878  he  remarks:  "  Wie  zuerst  J.  Wood- Mason  hervorhob,  ist  die 
EntstehungdesVentraltubus  der  Gollembola  auf  die  Verschmelzung  eines 
Abdominalsackpaares,  wiesiebei  Thysanuren  auftreten,  zurtlckzuftkhren, 
and  in  Uebereinstimmung  damit  ist  auch  bei  den  weniger  r&ckgebildeten 
Formen  die  Bilateralit&t  der  Ends&ckchen  noch  deutlicher  ausgepr&gt." 
He  is  careful  not  to  maintain  an  homology  between  the  pleuropodia  of 
insect  embryos  and  the  eversible  sacks  of  the  Thysanura,  though  he  agrees 
with  Oraber  in  ascribing  to  the  pleuropodia  a  respiratory  function.  The 
wiph  to  homologize  the  collophore  with  a  pair  of  eversible  sacks  seems  to 
have  prevented  Haass  from  seeing  the  at  least  equally  probable  homology 
between  the  collophore  and  the  pair  of  appendages  on  the  first  abdominal 
segment  of  Campodea  and  between  these  last  appendages  and  the  pleuropo- 
dia of  insect  embryos  —  an  homology  which  1  could  only  surmise,  but  which 
JSaase*s  own  observations  now  render  very  probable. 

Though  Haase  regards  both  the  Ventrals&ckchen  and  the  collophore  as 
respiratory  organs,  he  nevertheless  believes  them  to  have  arisen  from  what 
were  originally  glandular  structures.  This  is  very  clearly  expressed  in  the 
following  paragraphs,  quoted  because  they  make  to  a  certain  extent  for 
my  theoretical  conclusions  in  regard  to  the  pleuropodia. 

'*  In  der  Tliat  ist  es  wahrscheinlich,  dass  die  Ventrals&cke  der  Symphylen, 
Chilognathen  und  Thysanuren  auf  weit  verbreitete  drtisige  Bildungen  zu- 
rtlckzuftlhren  sind.  Um  nur  die  Antennaten  zu  bertihren,  so  liegen  die 
Terschiedenen  Organe  alle  nahe  der  Beinwurzel  an  der  Unterseite  order 
an  entsprechenden  Stellen  der  Bauchplatten,  auch  scheint  ihr  Bau  auf  ein 
Schema  zurtlckftkhrbar,  auf  eine  Einsttklpung  der  Chitinhaut,  die  tiber 
drilsigem  Epithel  liegt  und  entweder  als  Coxal-order  Cruraldrfise  dem 
Beine  fest  eingeftigt  ist  order  als  VentralsAckchen  willkUrlich  durch  Blut- 
ftiUung  vorgestulpt  und  durch  Muskeln  zurtickgezogen  werden  kann." 
After  mentioning:  the  coxal  and  crural  glands  of  Peripatus  and  the  Myrio- 
podtty  and  describing  the  peculiar  coxal  secretion  of  Lithobiids,  Haase  con- 
tinues: **  Es  ist  nun  sehr  wahrscheinlich,  dass  diese  (the  eversible  sacks) 
als  Derivate  von  Drtisen  aufzufassen  sind,  welche  ihre  secemirende 
Funktion  mit  der  respiratorischen  vertauschten,  wie  dies  ahnlich  von  jer 
Umwandlung  von  Hautdrtisen  zu  Tracheen  arigenommen  wird.  Auf  die 
ursprunglich  drusige  Natur  der  Huftsackchen  deuten  wohl  noch  die 
Riesenkerne  in  der  Matrix  derselben  bei  Scolopendrella  und  Campodea, 

**  Die  rein  drtisige  Natur  homologer  Gebilde  tritt  uns,  vielleicht  sekundar 
unter  den  Tliysanuren  bei  Japyx  entgegen,  wo  bei  J.  gigas  und  J,  solifu- 
guLS  kompakte  Drusenzellhaufen  auftreten,  deren  Sekret  sich  in  feine  Hohl- 
haare  ergiesst.  Dass  ahnliche  Organe,  wie  die  von  Japyx  anch  die 
Vorlaufer  der  respiratorischen  Sackchen  sein  konnten,  ergiebt  sich  schon 
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daraus,  dass  letztere   bei  J,    gigas  an  derselben  Stelle,  wenn  aaok  ill 
unTollkommener  Form,  am  zweiten  Abdominalsegment  auftreten. 

Die  ureprtUiglich  drtbige  NTatur  der  Bauchs&oke  von  MachUU  sobefait, 
wie  durch  die  eigenartige  Matrixlage,  so  aach  durch  die  langen  gereihtea 
Haare  an  der  Dorsalseite  der  eingesKUpten  S&ckchen  bezeichnet  zu  sein, 
die  mit  verktUnmerten  einzelligen  HautdrQsen  in  Verbindung  steben.** 
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Btalla  embryo  Ifl  days  old  [during  revolution] 
It),  labrum;   md,  maiidible;  mx,'   first 
maxilla;  mx',  second  masillb;  at,  antenna;  p\  p',  p%  thoracic 
limbs;  ap,  pleuropodium,  or  appendage  of  the  first  abdom 
aegment. 

3.  LongitudiDiil  eection  through  the  metathoracio  and  fint  three 
abdouiiaul  appendages  of  a  Blatla  embryo  13  days  old;  p*, 
metatboracic  leg;  ap,  ap'',  ap^,  first,  second  and  third  abdo- 
tuiaal  appendages;  tat,  mesodermju  somite;  ead,  eotodemi. 

8.  Longitudinal  seclioo  through  the  pleuropodium  of  a  Blatta  em- 
bryo 14  dayn  old;  ecd,  ectoderm;  mg,  tnesodertu;  r,  vacuole. 

4.  Three  cells  from  the  same  aeries  of  sections  at  Fig.  3.  Zein  hom. 
immers.,  ^  on.  II.    i',  vacuole;  ur,  plastine  nucleolus. 

B.     Five  nuclei  from  a  loDgitii<lina!  section  of  the  pleuropodium  of  a 
Blatta  embryo  20  dayn  old;  drawn  with  focus  on  the  equator- 
ial plane.     Magnificali<in  same  as  in  Fig.  4. 
Fig.     fl.     Longitudinal  section  of  a  pleuropodiu 
daye  old.    pd,  peduncle;  ev,  cavity;  e 
of  vacuoles. 

Longitudinal  section  from  a  pleuropodini 
days  old.    Reference  letters  same  as  ii 

Longitudinal  section  of  u  plenrapodiac 

idwut  35  days  old.    n,  nuclei;  pt,  protoplasm. 

Section  through  a  pleuropodium  of  a  Blatla  embryo  36  days  old. 
n,  nuclu;  pi,  protoplasm. 


Fig- 


r  a  Blattt  embryo  1» 
constriction;  v,  series 

of  a  Blatta  embryo  SO 
a  Fig.  8. 
1  from  a  Blatta  embryo 


PLATES. 


Longitodinal  section  through  a  plenropodiom  of  an  embiyo 
Feriplatieta  orienttUU,  in  a  late  stage,  after  the  closure  of  the 
body  walls  in  the  median  dorsal  line  and  the  secretion  of  the 
first  cuticle,  eed,  ectoderm;  ms,  mesodsnn  [connective  tissue]; 
pi,  protoplasm  i—ning  from  the  distal  end  of  the  organ;  t,  tips 
of  pleoropodlal  oells;  v,  vacuole;  se,  two  pleuropodial  oells 
atxtnt  to  pass  Uirough  the  peduncle  into  the  body  cavity  of 
the  embryo. 
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11.  Longitudinal  sections  through  a  pleuropodium  of  an  embryo 
Mantis  Carolina  before  revolution;  eed,  ectoderm;  ms,  meso- 
derm; X,  point  where  the  ectoderm  is  comparatively  thin;  p, 
one  of  the  thoracic  appendages;  ap,  pleuropodium. 

Fig.  13.  Cross  section  through  one  of  the  pleuropodia  of  an  embryo 
Xiphidium  ensiferum  during  revolution;  sr,  serosa;  as,  am- 
niotic secretion;  ct,  chitinous  cuticle:  ap,  pleuropodium;  cv, 
cavity;  jp,  one  of  the  thoracic  appendages;  ecd,  ectoderm;  ms, 
mesoderm. 

Fig.  18.  Section  through  the  base  of  one  of  the  pleuropodia  of  Xiphidium 
ensiferum  juBt  before  hatching;  op,  pleuropodium;  jx2,i)edun- 
cle,  inserted  in  a  pit  of  the  hypodermis  ecd,  which  has  secreted 
its  second  cuticle,  ct;  a,  granular  secretion. 

Fig.  14.-  Cross  section  through  the  same  pleuropodium;  a,  granular  secre- 
tion; cv,  cavity. 

Fig.  15.  Cross  section  through  the  coilophore  of  AnurCda  maritima  [admit] ; 
ctf  cuticle;  hy,  large  nucleus  of  the  hypodermis;  pg,  hypoder- 
mic pigment;  ct,  delicate  cuticle  covering  the  glandular  part 
of  the  organ;  £,  granular  secretion;  gl,  gland  cells;  ms,  retrac- 
tor muscles  of  the  glandular  hypodermis;  en,  connective 
tissue;  st,  sternum;  bl,  blood. 

Fig.  16.  Surface  view  of  the  collophoral  (first  abdominal)  segment  of  the 
adult  Anurida  maritima.  jp',  metathoracic  legs;  ab,  first  ab- 
dominal segment;  e,  coilophore. 


PLATE  8. 

Fig.  17.  Half  of  a  transverse  section  through  the  first  abdominal  segment 
of  the  embryo  Zaitha  fluminea  during  revolution,  ap,  pleuro- 
podium; a,  penicillate  secretion;  ecd,  ectoderm;  ent,  ento- 
derm; vt,  yolk;  vp,  vitellophag;  en,  connective  tissue;  ms, 
muscle;  ad,  corpus  adiposum;  c2>,  cardioblast;  gl,  ganglion  of 
the  first  abdominal  segment. 

Ffg.  18.  Three  cells  from  a  pleuropodium  of  Zat7^  ^2imtnea  enlarged. 
X,  granular  and  widened  inner  ends  of  cells;  h,  hyaline  and 
attenuated  outer  ends  of  cells;  s,  threads  of  secretion.  Zeiss. 
homog.  immers.  ^  Oc.  II. 

Fig.  19.  Longitudinal  section  of  a  pleuropodium  of  the  embryo  Cicada 
septemdedm  during  revolution,  ap,  pleuropodium;  s,  secretion; 
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as,  amniotic  secretion;  p,  one  of  the  thoracic  appendages;  eh, 
chorion;  ecd,  ectoderm;  ms,  mesoderm;  ct,  connective  tissue; 
vt,  yolk. 

Fig.  20.  Portion  of  a  transverse  section  through  the  ventral  plate  of  a 
CtGoda  embryo  before  revolution,  a,  amnion;  ecd,  ectoderm; 
ap,  pleuropodium  forming  as  an  apple-shaped  thickening  of 
the  ectoderm;  gl,  ganglion  of  the  first  abdominal  segment; 
ma,  mesodermic  tissue. 
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SOME  NEW  THEORIES  OF  THE  GREEK  KA-PERFECT. 


By  CHAS.  E.  BENNETT. 

In  spito  of  all  that  comparative  grammar  has  done  to  throw  light  upon 
the  morphology  of  the  different  Indo-European  languages,  there  yet  re- 
main in  the  individual  languages  a  goodly  number  of  formations  without 
correspondence  in  any  other  language.  As  examples  of  such  isolated  for- 
mations may  be  cited  the  Greek  passive  aorists  in  -t^v  and  -Brfv,  the  so- 
called  -n-  or  weak  declension  of  the  Oermanic  languages,  and  the  gerundive 
of  the  Latin. 

With  regard  to  these  and  similar  formations  two  theories  might  at  first 
suggest  themselves: 

First,  that  we  have  to  do  with  primitive  Indo-European  formations, 
the  traces  of  which  have  disappeared  in  the  other  languages  and  are  pre- 
served in  one  alone,  or 

Secondly,  that  the  formation  does  not  go  back  to  the  Indo-European 
Ursprache,  but  is  a  new  creation  of  the  particular  language  in  which  it  is 
found. 

As  a  matter  of  fact  we  at  once  discard  the  theory  that  any  formation  of 
the  nature  in  question  existed  as  such  in  the  Indo-European  Uraprache, 
Unless  we  have  the  combined  testimony  of  at  least  two  groups  of  lan- 
guages as  to  the  primitive  character  of  a  formation  we  shall  not  be  justi- 
fied in  attributing  it  to  the  Ursprache,  We  must  rather  view  such  a  for- 
mation as  due  to  the  specific  agency  of  the  particular  language  in  which  it 
is  found,  as  produced  by  way  of  analogy  or  association  with  other  forma- 
tions of  the  same  language,  by  the  use  of  inflectional  material  already  at 
hand. 

It  is  in  this  way  that  we  explain  the  origin  of  the  weak  or  -n-  declension 
in  the  (Germanic  group.  The  -»-  declension  arose  simply  from  a  wider  ex- 
tension and  more  frequent  application  of  endings  which  were  originally 
peculiar  to  -n-stems,  such  as  Latin  nomen,  Greek  SqiiiGov,  etc.  So  in  Greek 
the  so-called  Ist  and  2nd  aorists  passive  in  -t/k  and  -B^v  were  originally 
nothing  more  than  intransitive  2nd  aorists  active  of  the  -mi  form,  t.  e., 
constructed  after  the  analogy  of  forms  like  e/SXr^y  edrrfy,  etc.  The  for- 
mation in  't^y  was  the  earlier,  as  in  titXixHtjy,  icSrdXrfv,  lepdyrfy,  etc., 
while  the  so-called  first  aorists  in  -^rfy  are  formed  after  the  analogy  of 
those  in -77*',  under  the  influence  of  such  presents  as  (Ja:«'Sgj,  jtA^Sw,  q)^l^a>, 
fitfiddSo),  vE^i^oD,  ax^o/iat,  vySw,  fxivu^cDy  TtpijBo),  xy/jBaOf  etc. 

The  above  are  cited  simply  as  examples  to  illustrate  the  methods  by 
which  we  may  expect  to  explain  similar  formations  peculiar  to  a  single 
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language,  and  which  therefore  cannot  be  referred  to  the  Umpraehe  for 
theirorigin.  Such  a  rormation  is  the  Greek  perfect  in -ia.  No  olhferlndo- 
European  langoage  presents  any  trace  or  it,  and  we  therefore  assume  that 
we  have  to  deal  with  a  formation  which  haa  developed  itself  on  Greek 
ground  by  way  of  associution  or  analog?  with  some  other  inflectional  form 
of  the  Greek  language. 

Therehave  lately  appeared  several  new  theorise  in  explanation  of  the  -xa- 
perfect.  Tlie  two  most  important  of  these  have  emanated  from  the  Echool 
of  the  so-called  "  ■/unjjffraJrtwaftfccr,"  and  have  been  propounded  by  the 
heads  of  the  school,  one  by  Prof.  Brugniann  of  Leipsic,  the  other  bj-  Prof, 
OsthofiF  of  Heidelberg.    A  third  is  that  of  Felii  Uaitmann. 

Befitre  taking  up  the  consideration  of  these  theories,  let  us  state  mora 
precisely  the  problem  to  be  solved.    The  oldest  formation  of  the  Greek 
perfect,  was  unqiieationahly  by  the  suffix  -a,  appended  to  the  strong  form 
of  tlie  root,  with  the  reduplication  prefixed,  r.  g., 
root  Aff«-,    perf.   ^i  \m«-it. 
root   fffiS-.    pert.    ne-aotS-a. 
root   iprvy-,   perf,    ■mc-qitvf-a,   earlier  'xi-ipovy-a. 

The  Sanskrit  formod  its  perfiHit  in  the  same  way,  and  thero  cao  be  no 
doubt  that  the  formation  goes  back  to  the  Urapruehe,  for  its  origin.  But 
by  the  side  of  this  Greek  perfect  in  -ii  we  find  in  the  oldest  monuiaenta 
of  the  language  also  a  considerable  number  of  perfects  in  -h<i.  As  tima 
goes  on  this  number  increases,  and  in  the  Attic  of  the  4th  century  B.  C. 
the  -na  perfect  is  the  regular  formation  for  all  verbs  except  sterna  in 
labial  and  palatal  luiites  and  a  few  others  which  have  retained  the  old 
-a-  formation. 

The  problem  before  ua  ia  to  explain  this  -na;  why  we  have  -xa  in- 
stead of  -a. 

brdqhann's  theory. 

Brugmann's  theory  appeared  first  in  Vol.  XXV.  of  Kuhn'a  Zeilaehrift 
far  VergUichende  Sprachforschung,  p.  212  S.,  1879. 

As  he  omits  some  of  the  earlier  theories  we  may  mention  them  here. 

An  examination  of  the  perfects  used  bj  Homer  dijclosee  the  fact  that 
but  an  extreDiely  small  number  of  -rta-  forms  occurs.  While  perfects  in 
-a,  as  Jiinoi^a,  iiXr/xa,  ci%r/pa,  nixpaya,  etc.,  are  very  numerous,  the  -*a- 
perfects  found  in  the  Iliad  and  Odysaey  together  number  only  twenty.  As 
examples  may  be  mentioned,  pi^r/xa,  ftifiXtjna,  SiSwa,  'idCT/na,  ncipvKa, 
T^Sijica,  rerXr/Xii,  All  the  Homeric  -*  a -perfects,  moreover,  are  from 
Towel  stems.  There  are  no  Homeric  -wa-perfects  from  consonant  stems, 
such  as  the  later  Attic  x^itetxa,  'idiaXxa  £<pSapKa,  nitpayxa. 

This  circumstance  led  Thiersch  and  aubsequently  Ahrens  to  explain  tta« 
K  aa  inserted  between  two  vowels  for  the  purpose  of  avoiding  hiatus,  bo 
that  according  to  this  theory  fiifiriKa  would  be  explained  aa  arising  from 
'ffiff^a,  by  the  inaertion  of  x;   so  etSi?i«a  from  an  imaginary  *iiSTtfa,    As 
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a  ground  for  this  explanation  Thiersch  and  Ahrens  cited  ovxeri  and 
firjxiTu  But  the  k  here  belonged  originally  to  the  ovh  in  all  probability , 
80  that  ovxeri  \a  for  ovn-eri  (not  for  an  earlier  ♦oy-f'ri),  while //^x^'rt  is 
formed  after  the  analogy  of  ovxert. 

It' is  scarcely  necessary  to  add  that  a  theory  involving  such  an  extraor- 
dinary phonetic  phenomenon  as  the  bodily  iDsertion  of  x,  a  change  not 
only  not  elsewhere  exemplified  in  Greek,  but  also  without  analogy  in  other 
languages,  is  unworthy  of  further  consideration  today,  when  the  inviola- 
bility of  phonetic  laws  is  so  insisted  upon  by  even  the  less  rigid  inves- 
tigators. 

Curtius,  in  his  earlier  work,  the  Tempora  und  Modi,  followed  Thiersch 
and  Ahrens,  but  in  his  Verbum  der  OriechUchen  Sprache.  he  propounds  the 
following  explanation  of  the  -xa-  perfect.  He  designates  the  'Xa  as  a 
'*Btammbildende8  Element**  He  further  assumes  that  nominal  stems  were 
first  formed  with  this  suffix;  and  from  these  nominal  stems  verb-stems,  just 
as  the  verb-stems  in  -Ktr-,  -rv-,  -vc-y-avty-y  -to-,  -dxo-,  are,  by  Curtius,  in  their 
origin,  assumed  to  be  nominal  stems .  Curtius  further  says,  * '  Assuming  that 
there  was  a  nominal  stem  *fl(x-xa  (Ion.  *tirf'xa)  then  from  this  we  might 
have  a  reduplicated  fii-fia-xa  (Ion.  fii-fir}'X(x)y  and  such  reduplicated 
stems  might,  in  the  period  when  the  verbal  forms  were  still  undetermined, 
establish  themselves  here  and  there  in  the  perfect  by  the  side  of  the  shorter 
forms  in  -a." 

To  this  theory  of  Curtius  Brugmann  presents  the  following  objections: 

1.  Where  are  these  nominal  stems  in  "Xa  ?  The  language  does  not  seem 
to  have  had  them.  We  should  expect  them  to  exist  in  some  abundance; 
but  we  find  only  a  very  few.  We  may  cite  ^rixrj  and  6aix6y,  but  from 
^rjxri  we  could  hardly  directly  explain  the  form  re-^eixa  as  the  vocalism 
of  the  two  words  is  different,  one  having  7  the  other  ei.  Nor  can  we  satis- 
factorily explain  the  aorist  e^tfxa  from  ^rfxtf.  For  ^tjxtj  means  *  chest, 
vessel,'  and  the  testimony  of  the  Sanskrit  dhd-kd,  which  has  the  same 
meaning,  seems  to  indicate  that  in  the  Ursprache  the  word  had  this  spe- 
cialized sense  of  the  root  dh4'.  It  is  difficult  to  comprehend  how  a 
denominative  aorist  or  perfect  in  the  sense  of  '  put  *  should  be  formed  from 
a^noun  meaning  *  holder.* 

2.  Curtius  speaks  of  a  form  plfirjxa  establishing  itself  by  the  side  of  a 
form  *  (iifijja  at  a  time  when  the  verbal  inflections  were  still  undeter- 
mined. Brugmann  with  propriety  inquires  when  Curtius  conceived  this 
to  have  been.  Was  it  subsequent  to  the  period  of  tlie  Ursprachef  If  so, 
he  should  remember  that  the  verbal  inflections  were  then  no  longer  un- 
determined. The  substantial  unity  of  the  verbal  inflection  of  the  separate 
languages  shows  this.  Or  does  Curtius  mean  the  period  of  the  Ursprachef 
If  so  he  should  consider  that  we  can  not  pretend  to  explain  a  formation 
which  has  confessedly  developed  upon  specific  Greek  ground,  by  referring 
to  the  Ursprache,  or  any  conditions  which  may  have  prevailed  in  it. 

To  these  two  leading  objections  of  Brugmann  might  be  added  another, 
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viM.:   Is  it  oonoeiTable  that  denominative  Tevte  in  simple  -«  shuold  be 

fonnedfirom8tein8in-^(Ion.,  Attio-7)e.  (f.,  a  V7^»ft^in*A'^  Gould 
we  expect  anything  else  from  ^fiifxtf  than  ^ft^xdoa  or  ^firfxifof  Would  not 
the  overwhelming  abundanoe  of  denominatives  like  rifidfo^  apdo/Aon^ 
qaXit^y  efe.,  be  a  sufficient  aasnranoe  that,  even  admitting  the  existence  of 
piptff^  we  should  never  have  had  a  form  ^/S^xos  from  it,  from  which  to 
prodnoe  a  perfect  ff^-  ftrpc-af 

In  view  of  the  objections  which  Cortias's  theory  raises  against  itself  Bmg- 
mann  tiiinks  we  most  try  in  another  way  to  solve  the  problem  of  the  -xa- 
perfect  From  an  examination  of  verbal  formations  in  -x-  Brogmann 
finds  six  which  are  pre* Homeric.    These  are: 

SfoHot  (on  the  Idalian  Bronze  Tablet,  line  16.) 
S£tS{66ofiai  (for  deidixf o/ioi.) 

The  three  aorists  Idoona,  e^ffna,  ffxa. 

To  all  of  these  forms  correspond  perfects  in  -xa,  which  likewise  %eem  to 
belong  to  the  primitive  stages  of  the  langpnage.  These  are  oX<aXexa^  S^9ioxa^ 
Sei8otxa{i,  €.,  *6i5Fotxa),  ri^rjxa  (Ti^tixa\  etxa, 

Bmgmann  subjects  each  of  these  verbs  to  a  careful  examination  with 
reference  to  determining  whether  their  -x-  not  only  is  pre-Homerio  but  pos- 
sibly even  dates  from  the  Urepraehe,  He  arrives  at  a  negative  conclusion 
with  reference  to  the  forms  7«a,  i^rfxa,  S£iS{66ofiaiy  with  their  corres- 
ponding perfects  Bixay  ri^rpea  (r^3 etxa),  SeiSoixa.) 

With  reference  to  oXixto  and  its  perfect  oXwXexa,  he  finds  it  impossible 
to  reach  a  decision,  owing  to  its  obscure  etymology.  eScoxcx  with  its  perfect 
SeScoxa  and  its  present  optative  ^gJxo/  is  the  only  one  of  the  -x-formations 
which  Brugmann  concedes  goes  back  to  the  Urnprache  for  its  origin. 

This  form  SeScoxcx  Brugmann  derives  from  the  root  doox-  and  identifies 
with  the  Sanscrit  da-ddga.  The  correspondence  in  form  between  the 
two  is  exact.  The  signification  also  of  the  Sanskrit  da-dCtga  is  the  same 
as  that  of  dedcoxa.  For  the  Sanskrit  root  ddg-  means  'give,  vouchsafe, 
offer,'  just  as  does  the  root  dd-  =  Greek  Sgj-. 

The  so  called  aorist  active  eSajxa  Brugmann  also  derives  from  this  same 
root  SooH-  (Sanskrit  cfdp-).  This  eSooxa  is  for  an  original  *£5a)x-mf  m  rep- 
resenting the  vocalic  nasal  or  *'  nasalis  sonans,"  which  when  unaccented 
regularly  develops  in  Greek  as  a;  just  as  the  Rhenish  Germans  say  gegange 
for  ge-gang-n  (i.  e.,  gegangen),  geritte  for  gerittn{i.  e.,geritten\  obe  for  obm 
(t.  e.,  oben).  Other  examples  in  Greek  of  the  development  of  the  vocalic 
nasal  or  ''nasalis  sonans"  are  eXvda  (for  *f'Xv6m),  yF.ypdqxxrai 
r€rpdq>arat  (for  *yeypdip-nTcrty  etc;  cf,  fie-fiovXev-vrai), 

According  to  the  above  view  of  the  forms  eScoxa  and  Se^aixa  we  have, 
in  the  different  systems  of  the  Greek  verb  diSoo/iifto  deal  with  two  roots, 
one  root  Sod-  corresponding  to  the  Skrt.  dd-  and  another  doox-  corres- 
ponding to  Skrt.  ddc-      Both  roots  are  nearly  identical  in   meaning  and 
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hence  have  become  united  in  one  verb:  just  as  frequently  the  same  thin^ 
occurs  where  the  different  roots  are  dearly  distinct,  e.  g., 

opdaoy  oifofiaiy  etSor 
(p€pa}y  oi6aj,  rfveyxor. 

dedoona  therefore  is  Ss-SoDx-ay  i.  e,,  a  regularly  formed  perfect  from  the 
root  dojH-  with  the  ending  -a,  the  regular  ending  of  the  perfect  both  in 
Greek  and  Sanskrit,  as  seen  in  neKot^a,  XeXoincxy  n€q>Evya  and  numer- 
ous other  similar  lorms;  and  it  is  from  this  one  form  that  Brugmann  con- 
ceives the  entire  category  of  xa-  perfects  to  have  arisen,  and  in  the  fol- 
lowing way.  After  edaoKa  and  de'daJHa  had  become  part  and  parcel  of 
the  verbal  system  of  Si-doo-Mt  they  were  mentally  referred  to  the  root  ^gj- 
also,  and  the  ending  -xa  was  felt  as  a  tense-sufi^. 

As  soon  as  it  was  felt  a8  such  it  began  to  be  employed  in  the  formation 
of  other  perfects  with  long  vowel  roots,  e,  g,,  F.6T7fKa  (drr;-),  piprfxa 
{firf'),  neq>vxa  {q>v-). 

Brugmann  thinks  he  discovers  a  particular  reason  why  the  -xa-  forma- 
tion was  so  readily  adopted  by  the  long  vowel  stems.  The  original  inflec- 
tion of  the  singular  of  the  perfect  indicative  of  the  root  Soo-y  for  example^ 

must  have  been: 

*  8i-  8a)-  a 

*  Ss-  8a)-  $  (-3a) 

*  8€-  8oo-  E 

By  contraction  this  must  have  early  given: 

*  8e8oj 

*  8^8  ooS 

*  8e8a) 

These  forms  were  felt  to  lack  the  distinctive  perfect  character  and  were 
likewise  identical  in  the  Ist  and  8rd  singular.  Hence  it  was  that  the  lan- 
guage readily  availed  itself  of  such  formations  as  edrrjxay  pefirfxa- 
negnjxa.  It  is  at  about  this  stage  in  the  history  of  the  perfect  that  th 
Homeric  poems  belong.  The  -xa-perfects  in  Homer  are  almost  exclusively 
from  long  vowel  roots;  but  short  vowel  roots  are  also  just  beginning  to 
adopt  the  -«a-  formation,  e.  gr.,  pefiijfxay  8e8EinyTfxayetc,  StiD  later  and 
subsequent  to  Homer  are  the  formations  from  consonant  stems,  such  as 
£(fraXxay  €<p^apxay  neneixay  r/yyeXxay  reSav/ictxa. 

The  theory  that  one  form  like  8e8Qoxa  should  have  been  the  type  that 
has  called  hundreds  of  others  into  existence  seems  at  first,  perhaps,  too 
remarkable  to  be  lightly  credited;  yet  similar  phenomena  are  well  attested 
for  other  languages.  Thus  in  Old  Bulgarian  the  first  singular  of  the  verb 
in  the  present  indicative  ended  almost  always  in  a=  original  Indoger- 
manic  o.  Only  four  verbs  had  the  ending  -mt,  vizijesmif  vemi,  dami,jami, 
Tet  these  four  verbs  have  been  the  type  from  which  all  verbs  in  the  modem 
Slovenian  and  Servian  languages  form  their  1st  person  singular  present 
indicative  in  -m.  So  we  have  hundreds  of  forms  from  four  alone.  So  also 
10— A.  &  L. 
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in  Oerman  we  have  in  the  nominal  inflections  Ch@  frequent  pi utaI  endlBg' -«■ 
producing  Dmlaiit  of  the  root  sjllable,  r.  g.,  Ttxal,  Tl>iilfr;  Bveh,  BSeher; 
Grab,  Grai>er;  Irrthum,  Irrthfinier;  Kaib,  KMber,  aud  very  many  others. 
All  of  these  are  modern  except  Kalh,  KSIber,  wliich  must  be  considered  as 
having  furnished  the  starting  point  far  the  wliule  category,  Tlie  plural 
KSIber  therefore  in  the  number  of  forms  it  has  called  into  existence  would 
furnish  an  exact  parallel  to  8e6M»a, 

An  interesting  and  instruotiveDliistrntUmia  furnished  also  by  the  ttAlion. 

The  Latin  steti,  stili  become  in  Italian  sMli.  This  form  was  felt  as 
consisting  of  at-  as  root  and  -etli  as  the  ending.  So  by  the  analogy  sto, 
stare,  stetti,  we  got  in  Italian  from  do,  dare,  the  perfect  dttti  instead  of 
diedi  (Latin  dedij.  The  ending  -elti  was  then  applied  to  other  verbs,  Buch 
as  vendetti,  fremeiti,  credetti,  dovelti  and  many  others.  I  have  not  been 
sble  to  determiiie  the  exact  extent  of  the  application  of  this  ending,  froni 
lack  of  the  requisite  books  of  reference,  but  am  convinced  that  it  is  quits 


The  erample  is  at  all  events  a  striking  one  of  how  even  one  single  form 
can  furnish  the  model  after  which  innumerable  others  may  be  constructed. 
Stetti,  therefore,  would  furnish  a  complete  analogy  of  what  we  faava 
claimed  for  SiSaixa.  It  is  historically  certain  tor  stetti;  it  is  therefore 
very  poesibie  for  RcSaiia. 

The  objection  then  to  one  form's  being  the  starting  point  for  many 
would  seem  to  he  met  by  the  above  considerations, 

Hermann  von  der  Pfordten  in  his  Oeaehichte  des  grieehiaehen  Per/eelt 
calls  attention  further  to  the  fact  tliat  the  other  perfects  from  stems  in 

SiSopx-a  (root  Sspi-) 

tii-fivH-a  (root  I^VH-) 

ri-TTiti-a    (root  rtfx-) 

/itfi'f-'oi  (root  MV-) 

iti-<ppiH'a  (root  ippit-) 

eoix-a        (root  Feut-) 
may  have  contributed  to  the  illusion  that  -na  was  a  tanse  suffix  and  ao 
liwe  anisted  in  its  application  to  other  roots. 

Id  foct  von  der  Pfordten  thinks  that  even  the  so-called  -va-  sorigtB 
iStaxa,  eSi/tia,  r/xa  may  have  contributed  their  share  in  the  same  direc- 
tion,  especially  when  one  considers  the  great  frequency  of  them  words 
^Bome  GOO  times)  in  the  Homeric  poems,  the  very  stage  of  the  language  at 
which  we  find  the  •xa-  formation  just  beginnings  to  assome  greater  prop<g- 
tions. 
Bnigmann's  theory  then  may  be  ennuned  op  in  the  following  wordsi 
There  wae  in  Qreekan  early  confuaion  oC  two  rootaof  the  same  meaning, 
d£a>atid  Sim^,  d«a- baincused  tor  Idle  preMiitaDdfatuTe,SiuM'-  fortiieacaM 
mtAtnttdtt^  By  r— on  <d'  tfaia  ooDfuatm  tiia  ondiDg-of  9i9mtai  w«»  Mb 
j>-ir(winn>aa<l.«E  -o^  aaiifnBU|>ina),aBd:hain9aBa»feltu«t»ka«  soffit  it 
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wuB'fflv^BL  ac  widisriqipliKSstloiit  boftiig^  sppcndM  fint  tb  otitor  tottg^  vowel 
stems  as  .1^- 9  ^if-,  drtf-  gw-,  afterward  to  short  vowel  stems,  and  eventiiallT' 
to  some  mute  and  all  liquid  stems. 

Tbis  theory,  it  will  be  observed,  explains  the  reason  why  we  find'  the 
ending  -xa  applied  first  to  long  vowel  stems:  it  is  because  it  originated  with 
such  a  stem,  d(o-.  It  explains  further  the  origin  of  the  aorists  e^rjxay 
tpiay  and  two  others  not  usually  given  in  the  grammars,  edrrfxa  and 
sg>pTfxa,  These  aorists  were  formed  after  the  analogy  of  edaoxa  just  as 
€6TTfxa  after  the  analogy  of  SeSooxa, 

It  might  seem  strange,  in  view  of  this  fact,  that  we  do  not  find' a  similar 
wide  extension  of  the  -xa-  aorist,  just  as  of  the  -xa-  perfect.  The  reason  of 
course  is  plain.  The  same  time  suffix  could  not  ao  duty  for  both  tenses. 
The  analogy  might  have  taken  its  development  in  the  line  of  the  aorist, 
just  as  well  as  of  the  perfect,  and  if  that  had  occurred,  we  should  have 
looked  upon  it  as  perfectly  natural;  but  it  could  not  do  double  duty,  serv- 
ing both  as  a  perfect  and  an  aorist  suffix. 

As  it  is,  the  -xa-  suffix  developed  in  the  perfect,  and  beyond  a  few  -xa- 
aorists  formed  before  the  suffix  had  come  to  be  felt  as  peculiar  to  the  per- 
fect, it  took  no  further  development  in  the  line  of  the  aorist. 

Such  is  Brugmann's  theory  of  the  -xa-  perfect.  It  is  really  lest 
fanciful  than  one  might  be  at  first  inclined  to  consider  it.  His  theory 
is  worked  out  with  rigid  method,  nothing  being  assumed,  which  is  inoao- 
slstent  with  known  phonetic  laws  or  un8up|x>rted  by  the  analogy  of  the 
Qreek  itself  and  other  languages.  A  demonstration,  however,  it  can  not 
be  held  to  be.  It  is  simply  an  extremely  clever  hypothesis  supported  by 
striking  analogies. 

It  has  met  with  recognition  from  German  scholars  such  as  von  der 
Pfordten  in  his  Oeschichte  des  griechischen  Perfects^  as  well  as  from  Qua^ 
tav  Meyer  in  his  Oriechische  Orammatik.  While  therefore  we  may  not 
call  it  a  proof  we  must  admit  that  it  suggests  a  plausible  method  by  whioh 
the  -xa-  perfect  may  have  developed. 

We  consider  next 

OSTHOPP*S  THEORY. 

For  several  years  after  Brugmann  propounded  his  theory  it  enjoyed  gen- 
eral repute  as  the  only  plausible  explanation  yet  given  of  the  problem,  un- 
til Uie  appearance  in  1884,  of  OsthofiTs  Oeschichte  dea  Perfects  im  IndO' 
germanischen,  Herman  Osthofif,  the  author  of  this  work  is  professor  of 
Sanskrit  and  comparative  philology  at  Heidelberg,  and  a  man  of  astound- 
ing ingenuity  in  solving  the  riddles  of  Indo-European  grammar.  His 
mind  is  constantly  evolving  a  new  solution  of  some  knotty  point  of 
morphology,  worked  out  with  an  elaborateness  which  anticipates  every  ob- 
jection that  can  be  raised  against  it.  Although  an  intimate  friend  of 
.  Brugmann  and  with  him  the  head  of  the  school  of  '*  Junggrammatiket'^^ 
yetrhe  never  could  feel  quite  satisfied  with  Brugmann's  theory  of  th6  origin 
of  the  -xa-  perfect,  which  we  hare  just  considered  above. 


148  Wisconsin  Academy  of  Sciencesj  Arts  and  Letters. 

He  oonsequently  set  to  work  to  find  some  explanation  which  should  be 
more  satisfactory,  and  the  result  of  his  lucubrations  is  given  us  in  a 
lengthy  chapter  of  the  work  above  cited,  pp.  834-890. 

OsthofTs  theory  is  that  we  have  in  the  Greek  -xa-  perfect  the  particle 
xev;  that  Sidaaxa  is  SeSto  +  xev. 

Let  us  proceed  to  the  details.  And  first  a  few  words  on  roots  and  the 
different  forms  they  assume  under  different  circumstances. 

It  is  a  generally  accepted  theory  that  roots  appear  under  different  forms 
in  consequence  of  accentual  conditions.    Thus  we  explain 

Skrt.  d9~  mi 
d9-i 
d9-ti 
as  having  the  full  form  of  the  root  cu-  because  accented  on  the  root  sylla- 
ble; whereas  the  dual  and  plural  forms 

svd8     smda 
sthds    sthd 
stds      sdfUi 

take  the  weakened  form  of  the  root  -•  because  the  accent  is  on  the  personal 
ending.  So  also  inGreek  wehadoriginaUy  ^^t-^co-yui,  *8t-8S-6i,  *St'SoS'Tt, 
♦^i-tfo-roK,  ♦di-do-roK,  ^dt-So-fiivj  etc,  with  the  strong  form  of  the  root 
^a»-  in  the  singular,'  because  the  accent  stands  on  the  root  syllable, 
and  the  weak  form  do-  in  the  dual  and  plural,  because  the  accent  is  on 
the  personal^  ending.  Of  course  this  primitive  accentuation  was  lost  in 
Greek,  before  we  know  it  historically  as  an  independent  language;  the 
primitive  accentual  conditions  disappeared  with  the  rise  of  the  three  sylla- 
ble law  and  of  the  recessive  accent  of  the  verb. 

So  also  in  the  inflection  of  the  noun  in  Greek.  In  words  of  the  type  of 
jrari^p,  //y/r^/c;,  etc.,  we  have  the  strong  form  of  the  stem  icarep-,  ^trfVEp- 
where  the  stem  syllable  is  accented,  as  in  the  accusative  singular  icarepa; 
nominative  plural  Tear e pes;  but  we  have  the  weak  form  of  the  stem  itarp- 
where  the  accent  falls  upon  the  case  ending,  as  narpoiy  ictxTp-t;  na- 
Tpd6i(y)  also  is  formed  from  the  weak  stem  itarp-. 

This  variation  of  the  form  of  the  root  in  two,  three  and  sometimes  even 
four  ways  (called  by  the  Germans  Stammabstufung)  extends  to  all  parts  of 
speech.  It  is  not  limited  to  nouns  and  verbs,  in  which  the  accent  origin- 
ally shifted,  standing  now  upon  the  root  syllable,  now  upon  the  ending, 
but  may  occur  also  in  monosyllables,  which  by  their  varying  force  some- 
times receive  a  decided  stress  and  at  other  times  are  enclitic. 

All  parts  of  speech  are  equally  liable  to  this  change  of  form  dependent 
upon  stress- accent.  The  phenomenon  is  witnessed  most  frequently  in  case 
of  nouns,  adjectives  and  verbs;  yet  it  occurs  also  (and  this  is  at  present  the 
important  point  for  us)  in  the  case  of  particles;  and  we  shall  soon  see  that 
in  xa  we  have  simply  another  form  of  xev,  a  form  bearing  the  same  relation 
to  xev,  as  our  unaccented  "the**  does  to  our  accented  **th6*';  or  as  **come'* 
in  *'cmin'*  to  our  '*o6me"  in  the  phrase  "youc6me.*' 
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The  demonstration  of  this  relationship  depends  upon  the  principles  of 
the  nasalxB  sonana  theory,  which  was  alluded  to  above  in  connection  with 
eXv6a  for  *eXv6m\  and  eSooxa  for  *  eSaJHrn,  We  there  saw  that  this 
sonant  nasal  developed  in  Greek,  when  unaccented,  into  or;  just  as  in 
many  dialects  in  Germany  the  ending  -n  (t.  6.  -en)  when  unaccented  be- 
comes a  short  e- vowel,  through  the  medium  of  the  sonant  nasal. 

The  full  or  strong  form  of  the  particle  x£k  is  xev.  When  unaccented 
it  sinks  to  x  +  the  sonant  nasal  or  *Kn.  This  sonant  nasal  then  regularly 
develops  to  a  giving  us  xa;  just  as  we  have  rardi,  verbal  from  reirm 
(root  rev-),  for  *rn'T6s- 

The  Sanskrit,  it  may  be  mentioned,  develops  the  sonant  nasal  in  the  same 
way;  thus  we  have  ta-tds  for  tn-tda,  corresponding  to  Qreek  ra-To^;  and 
to-nd-mi  in  the  5th  Sanskrit  class  (ace.  to  Bopp)  for  tn-no-mi. 

Nor  is  xev  the  only  illustration,  among  particles,  of  this  variation  of 
weak  and  strong  form,  this  Stammdbstufung. 

We  have  another  striking  illustration  in  the  case  of  the  particle  av^ 
which  has  for  its  weak  or  unaccented  fortn  -v.  This  unaccented  form  is 
seen  in  ndv-v  (cf.  itdv)  and  further  probably  in  ouros,  ro-v-rou,  etc.  It 
is  doubtless  the  same  as  the  Sanskrit  particle  -u  and  the  Gk>thic  -u,  seen  in 
the  i>assive  forms  of  the  optative  and  imperative,  as  nimada-u  and 
nimaindau. 

The  same  Abstufung  holds  similarly  for  many  other  particle,  to  which 
Osthoff  hits  devoted  some  exhaustive  consideration  in  the  fourth  volume 
of  Morpkologische  Unterauehungen^  pp.  222-277,  in  his  consideration  of 
what  he  caUs  the  *'  Tiefstufe  im  Indogermanischen  Vocalismtu,'*  It  is  un- 
necessary to  consider  this  matter  further  here. 

We  may  now  return  to  ner.    We  have  seen  that  we  have  to  deal  with 

two  forms,  xev  and  xa.  There  are  to  be  sure  two  other  forms  of  our 
particle  viz.  xe  and  xa,  but  as  they  do  not  concern  our  present  purpose, 
we  omit  any  consideration  of  the  question  of  their  special  origin,  inter- 
esting as  that  might  be.  The  form  xa  is  confined  pretty  nearly  to  the 
Doric  and  Lesbic-Aeohc  dialects  in  the  historical  period;  yet  this  does  not 
constitute  any  objection  against  its  antiquity,  or  against  its  having  at  some 
time  been  in  frequent  use  in  all  dialects. 

So  much  for  the  morphological  side  of  the  particle.  Let  us  now  look  at 
its  probable  signification. 

The  tradititional  etymology  of  xey  has  connected  the  word  with  the 
Skrt.  A;dm,  which  means  *  well,  indeed,  to  be  sure*;  and  even  the  latesl 
scholars  have  signified  their  acceptance  of  this  view,  including  among  the 
latter  Delbruck  in  his  Syntaktische  Forachungen,  vols.  I.,  and  IV.;  Ascoli* 
Stiidj  Critici  II.,  231  ff ;  and  Qustav  Meyer  in  his  Greek  Grammar,  Osthoff 
is  the  first  to  raise  objections  to  this  etymology;  not,  as  he  admits, 
because  it  is  phonetically  inadmissible,  though  he  mentions  one  or  two 
weak  spots  (which  we  shall  have  to  omit  here),  but  because  he  thinks  ha 
has  a  better  etymology  to  propose.    He  thinks  xer  identical  with  Skrt. 
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piln.uiuidecluiableadjeotivesigiiifjing  "  beneficent, adTaotageouH,wliale- 
•oioe,  good."  This  word,  which  has  not  yet  become  a  paiticle  in  Sanskiit, 
Oslhoff  thinka  became  one  in  Greek  and  in  the  Hignific^ation  of  the  OeFmaii 
wol  united  itself  in  ite  weak  or  unaccented  form  nit  with  the  primitive 
infioction  of  the  perfect:  P.  g..  iSMm-,  to  form  the  -Mtr-  perfect,  SfAaina. 
eidatfia  would  therefore  mean  "  1  have  indeeil  Ki^eOi"  or  as  OstlioS  put« 
it  in  Qerman.  "  idi  habe  ipol  gegeben." 

It  iB  iu  fact  this  very  correspondence  in  meaniiiK  between  the  Simskrit 
(dm  and  the  Oermaii  toot  that  leads  Ofitboff  so  decidedly  to  prefer  the  ety- 
mology of  mr  which  he  propoaee  and  advocates.  He  traces  the  develop- 
tnent  of  the  (jerman  jcol  from  its  Old  High  German  force  of  "well," 
tbroDRh  the  Middle  High  Oerman.  where  it  lakes  on  the  additional  mean- 
ing of  "quite,  very,  thorou(jhly,  certainly,"  until  it  reaches  that  force, 
■mtroiudatable  in  English,  which  it  exercises  with  such  frequency  in  the 
German  of  to-day,  as  for  example  in  such  espreesions  as  "Sie  *ind  wol 
)eravk;  das  haben  Sie  wol  geactwn."  OsthofF  believes  Key  or  aa  bus  gone 
through  the  same  course  of  development.  The  Saaskrit  pdin  be  considers 
to  represent  the  onginaJ  signification  of  xer,  namely  "  excellently,"  whilB 
iu  the  tustorical  period  of  the  Greek  lan^iuase  he  thinks  be  finds  clear 
traces  of  ae.y  in  the  same  sense  as  Germam  koI  in  its  weak,  almost  pleon- 
astic force. 

The  queetioD  that  naturally  firat  presents  itself  is:  Does  vr.r  aotually 
have  this  f  oroe  't 

DelbrlJck,  SyntaktiiKhe  Foraahangen,  I.,  90^  expresses  the  opinion  that 
while  ufy,  ar  '•  bfgleiten  den  conjunoliv  und  optaliv  durcli  alle  mneren 
uxmdlvngen,  sie  erxeugen  dieaelben  nicht.  Sie  sind  imr  ein  beredter  aus- 
drucfc  dessen,  waa  auch  durch  den  Moften  conjunctiv  und  oplativ  atuge- 
drOdct  mrd;"  i.  e.,  the  force  of  the  subjunctive  and  optattre  duea  not  de- 
pend upon  the  xey  or  lU'  but  the  H/y  or  uy  simply  adds  a  more  eloquent 
eipreasion  to  tl>e  force  already  iuherent  in  the  suhjii native  or  optative 
tbemselvea.  If  this  be  true,  it  accords  excellently  with  the  signitication 
which  OsthoS  wishes  to  attach  to  vev,  and  we  sliall  then  not  be  surprised 
if  we  find  Key  joining  itself  freely  with  auy  mode  and  tense. 

Thus  in  Homer  we  find  xev  with  the  future  indicative  as  A  139  6  3e  mck 
KtxokiiitieTai  ov  xtv  iKcufiai,  which  OsthoS  would  render  "  der  wird  vxil 
Bflmen,  eu  dem  ieh  koimnen  werde;"  or  ^  176  xai  xe  ris  m5'  tpc'ii  Tpaiaiy 
"lo  vrird  woLmxtneherunter  den  Tfoem  epreehen-"  and  a  number  of  similar 


nie  present  indicative  also  occurs,  Qiough  rarely,  as  S  484  ru  lai  h^ 
rt%  euxtrai  av^p  "darutn  urQnscAt  nchuvoM  aucft  Tnancher." 

Fae«i,  in  his  editioa  of  the  Iliad,  in  commenting  upon  these  and  similar 
pasBAges  saya  that  ity  with  the  future  and  present  indicative  drx»  not  ex- 
preSB  any  doubt  or  uncertainty,  but  A  calm  confidence,  equivalent  to  that 
•xpi«esed  by  itov,  oifiat.  Cf.  hia  notes  on  W  lOS,  484.  In  this  sense  xer 
ooBesponds  exacts  to  the  Qensan  vol  in  such  expreeaion  as  "  dot  iat  toot 
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^jakre  her;  ioh  bin  woi  MibaMatden,"  where  wol  is  quite  equhoUant 
^^be-Qtaek  irot;,  oSl^cu,  **foBBeoth,  I  ihink,  kiiay  opinioD." 

M  im  doubtful  wiiether  we  have  any  esample  -of  tlie  imperCeot  watii  'ue'v^ 
asHie  wnerting  of  fi  104  is  wwoftrtein.  Only  one  manusoripl;  reads:  er^a 
M€r  ^fiar^itf  fikr  v<paiye6Kev  ^iyar  itrov.  The  othypEB  give  Bv^a  uai;  but 
of  the  aorist  indicatiye  we  have  at  least  one  instance,  viz,  S  546. 

7  yap  /iiv  Zooav  fe    xijfT/tfta/,   if  kbv  ^Opedrrf^ 

Here  again  we  may  translate  '*  you  will  find  him  alive  or  (it  may  be  as- 
sumed) Orestes  has  killed  him,"  the  key  being  equivalent  to  wol.  In  Qtex- 
man  we  might  translate  *'  oder  es  hat  ihn  tool  Orestes  getddtet,*^ 

In  Gtorman  wol  is  used  with  the  perfect  indicative  with  great  freedom  in 
popular  poetry,  e.  g,, 

••  Es  ging  ein  M&Uer  wol  iiber's  FcZd." 

**  Es  zogen  drei  Burschen  wol  uber  den  RhetnJ** 

**  Ein  Kndblein  ging,  spazieren  wol  um  die  Abendstund.*^ 

That  no  example  of  the  perfect  indicative  with  xev  in  Homer  is  found, 
Osthoff  r^i^ards  a  matter  of  chance,  to  be  explained  by  the  rarity  of  the 
perfect  indicative  in  the  epic  or  narrative  style. 

So  much  for  the  form  and  signification  in  which  xev,  xa  has  attached 
itself  to  the  primitive  perfect  to  produce  the  -xa-  perfect.  Let  us  now  note 
the  Buocessive  stages  of  the  process  by  which  the  -xa-  inflection  became  es- 
tablished throughout  the  whole  perfect  indicative  and  subsequently 
throMghout  the  whole  perfect  system.  First  let  us  set  clearly  befoie  our 
csyes  the  original  inflection  of  the  perfect  indicative  active  of  a  Qreek  verb, 
such  as  those  among  which  we  know  the  -xa-  perfect  to  have  arisen,  viz,,. 
long  vowel  stems.  Let  us  take  the  stem  6ra-  (Ion.,  Att.  drtf-).  The  easly 
Greek  inflection  of  this  perfect  (though  not  the  earliest)  was  probably 

Singular. 
*B6TTf    (for  *€-dTTf-a;     cf,  Xi-Xoina) 
*t6rtj%  (for  *B-6TTj-ai;  cf,  XeXoiita^) 
^16ttj    (for*e-6r?f-€;     cf.XiXoiire) 

The  stages  of  development  are  as  follows: 

1,  By  the  union  of  the  xa  with  the  original  Ist  singular  *e6ttj  we  get 
t^rrpia.    Further  illustrations  of  this  perfect  from  long  vowel  stems  are: 

6i-8Tf-xa  (Seoo  *  bind  * )  Aeschylus,  Andocides. 
re'-^Tf-xa,  later  re-^eixa^  after  the  analogy  of  etxa. 
de-doo-xa, 
*y€-yroo-Ka^  later  i-yvoj-xa. 

3.  In  the  second  stage  we  find  that  the  -xa-  perfect  has  extended  its  in- 
Hection  from  the  first  singular  in  -xa-  to  the  second  singular  in  -xa^  and 


Dual. 

Plural. 

edrauer' 

edraroy 

edrare 

edraroy 

edradty 
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the  third  singular  iti  -hc(>-).  In  this  step  it  has,  ot  course,  simply  adopted 
the  regular  perfect  inflection  08  already  exietiog  in  the  Innguago  and  ex- 
hibited in  Buch  words  as  neiroiin,  jregifvya,  epprjya,  etc.  The  -Ma  inSeo- 
tion,  however,  has  not  yet  strayed  beyond  the  iimita  of  the  eingular.  Tlie 
dual  and  plural  show  no  traces  ret  of  the  -xcr,  as  seen  in  suoh  words  a* 

j'iyr/Kir,  pi.  yiya^iy 

fiififfxa,  pi.  fiipautv 

TirXtjua,  pi.  rirkauty 

Ti^ri}xa,  pi.  ri^vafitv 

iiSTtjua,  pi.  iarauir 


even  Si-S 


n-Se-86-ny$,  Cauer'SOB. 


This  second  fltage  is  characterized  further  by  the  formation  ot  new  -na- 
perfects,  but  only  from  long  vowel  stems;  and  these  new  formations  have, 
like  their  models,  the  xa-  inflection  only  in  the  singular.  This  is  about  the 
;e  represented  in  the  Homeric  epics.  For  out  of  the  hundredsof  instances 
of  the  -111-  perfect  in  Homer,  all  formed  from  long  vowel  stems,  we  have 
only  five  iustancee  of  a  plural  -na-  perfect,  i>is: 

igT-^MaOiv  J  434 

KaTatc^v^HLi6it  O  884 

■atn>ijxa6iy  jj  1 14 

TtSap6>}Haaiy  1  420,687 

3.  The  -Kit-  inflection  extends  itself  throughout  the  entire  indicative, 
and  also  throughout  the  rest  of  the  perfect  system,  i'.  e..  the  subjunctive, 
optative,  infinitive  and  participle.  This  stage  is  represenled  in  general  by 
the  poet-Homeric  Greek,  though  an  incipient  tendency  of  the  -la-  forms  to 
extend  tbemselvea  is  seen  in  Homer,  in  the  sporadic  occurrence  of  a  few 
plural  indicatives  and  a  few  jierfect  participles. 

With  this  the  development  of  the  ■»«- perfect  may  beconsidered  complrte. 
Some  interesting  changes  in  the  Ablaut  occurred,  which  may  be  left 
unmentioued. 

Osthoff  finds  in  certain  Sanskrit  forms  what  he  considers  a  powerful 
Bup|)ort  of  Ills  theory  ot  the  Greek  -mo-  perfect.  These  forms  are  the  Sans- 
krit perfecta: 

dadAu,  dadliAu,  pap&u,  t.antk&fi. 

Osthoff  thinks  that  here  we  have  original  perfect  forms  with  the  added 
particle  -u. 

da-d6u  is  therefore  simply  da  d&-u,  etc.,  this  m  being  the  same  particle 
that  we  have  already  noticed  as  occurring  in  the  Gothic  nimadaii,  nim- 

Any  one  familiar  with  the  Sanskrit  sandhi  rules  will  eee  at  once  an  ob- 
jection to  this  theory,  since  papd-u,  da-dd-u,  etc. ,  ought,  according  to  the 
laws  of  Sanskrit  phonology,  to  give  not  pa-p6ii,  daddu  but  pap6  da-d6. 
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Osthoff,  however,  maintains  that  the  composition  of  the  root  with  the 
particle  antedates  the  historical  period  of  the  Indian  language  and  that  we 
have  in  da-ddu,  etc.,  the  legitimate  successors  of  an  Indo-European  de-dd-u, 
Whitney  in  his  Sanskrit  Orammar  (§  800  c  of  the  Oerman  ed.)  cites  two 
forms  from  the  Rig  Veda  of  perfects  from  d-stems  in  simple  d,  not  -du, 
viz.:  paprd,  jahd  {prd-?,  hd-  ** follow"),  instead  of  paprdu,  jahdu.  This 
would  seem  to  indicate  that  roots  in  -d  originally  formed  the  perfect  in  -d, 
and  if  that  is  so  it  would  be  natural  to  see  in  the  forms  in  -du  traces  of  an 
added  -u  as  Osthofif  does.  If  now,  reasons  Osthoff,  the  Sanskrit  employs 
the  particle  -u  in  a  perfect  formation  by  adding  it  to  the  1st  and  3rd  singu- 
lar of  long  vowel  stems,  what  more  natural  than  that  the  Greek  should  do 
the  same  with  xev? 

OsthoflTs  theory  then,  briefly  stated,  is  that  the  particle  x£k  in  its  weak  or 
unaccented  form  xa,  a  form  actually  occurring  in  several  Greek  dialects, 
became  added  to  the  original  perfect  forms  of  long  vowel  stems,  first  to 
the  1st  and  8rd  singular,  and  that  it  afterwards  extended  its  range  over  the 
entire  perfect  system;  and  the  analogy  of  the  Sanskrit  perfects  in  -du  is 
appealed  to,  to  substantiate  this  view. 

Is  this  a  probable  theory?  It  seems  to  me  that  it  does  have  a  good  deal 
to  commend  it  to  our  favorable  consideration. 

1.  As  to  the  amalgation  of  different  words  into  one  word  in  the  indi- 
vidual Indo-European  languages  we  need  have  no  hesitation.  Instances 
are  frequent  of  the  union  of  an  inflected  form  with  a  particle,  or  of  two 
inflected  forms  with  each  other,  as  may  be  seen,  e.  gr.,  in  the  Gothic  2tu- 
ganda-u,  mmaida-ti  (Greek  refjoiTo),  in  the  French  j^aimer-ai,  Latin  veneo, 
(for  venum eo),  calefacio,  fervefacio,  6^c.,  and,  as  I  incline  to  believe,  also  in 
Sanskrit  daddu,  etc.  As  to  the  form  xa,  it  is  only  what  we  should  be 
compelled  to  assume  as  the  weak  form  of  xey,  even  did  we  not  know  of 
its  actual  existence  in  several  of  the  Greek  dialects.  That  the  form  xa 
therefore  should  combine  with  the  original  perfect  is  not  at  all  unlikely. 

2.  As  to  the  exact  etymology  of  xF.y  (xa)  I  conceive  that  that  really 
concerns  the  main  question  very  slightly.  It  is  immaterial  whether  xev 
be  the  same  as  the  Sanskrit  kam  or  gdm,  or  in  fine  neither  the  one  nor  the 
other.  It  is  certainly  an  independent  word  of  the  Greek  language  and  as 
such  can  unite  with  an  already  existing  infiectional  form  to  create  a  new 
form.  If  it  really  be  the  same  as  the  Sanskrit  gdm  and  has  gone  through  the 
same  semasiological  development  as  the  German  wol  so  much  the  better, 
though  neither  of  these  facts  is  necessary  to  our  theory. 

3.  To  my  mind  it  can  hardly  be  fortuitous  that  we  find  the  origin  of 
the  'Xa-  perfect  in  Greek  in  those  very  stems,  which  in  Sanskrit  we  are 
led  to  look  upon  as  compounded  in  their  perfect  formation,  with  the 
particle  -u,  mz.,  the  long  vowel  stems.  To  be  sure  we  find  this  -u  in  the 
Sanskrit  perfect  only  in  the  1st  and  3rd  singular;  yet  we  must  bear  in 
mind  that  in  Greek  also  the  perfect  in  -xa  was  for  a  long  time  confined  to 
the  singular  of  the  indicative,  and  that  practically  only  in  the  post-Hom- 
eric Greek  did  it  extend  its  range  beyond  this. 
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U  efaould  fuTtber  be  borne  in  mind  that  Die  three  identical  roots  wttiofa 
furnish  us  with  tlii;  imrliest  ^>eciiiieiis  of  the  Qreeli  'U<i'-  perftect  are  bIbo 
SaoBkril  roots  in  >d,  which  form  the  perfect  in  -Hv.  Thus  we  have  side  by 
side  the  roots 


-  (Ion..  Att,  ( 


•fh&- 


And  the  perfects 


tiistbOu 

ditiiGn 

diidh&a 


(re 


,«) 


It  would  seem  as  though  t)iese  posaeaaed  some  innate  tendencj  to  join 
to  themselves  a  completing  element,  and  if  that  be  so  what  other  element 
can  this  be  (or  the  Greek  than  u<r,  and  what  can  xa  be  but  the  particle  ler- 
in  its  weak  form  ? 

4.  As  to  the  nonoccurrence  of  mu  with  the  perfect  indicative  in  tiny 
historical  inonumentsof  the Qreek  language,  we  need  not  feel  any  eurprise, 
such  [ae  Curtius  does,  in  his  critique  of  this  theory,  in  his  Zar  Eritik  der 
i/oj'Kchung.  p.  162  f .  Curtius  considers  in  fact  that  the  non- 
e  of  the  particle  with  the  [>erfect  indicative  is  sufficient  grooad 
for  condemning  the  whole  theory,  which  he  proceeds  to  do  very  Bummarilj. 

But  let  UB  consider  a  moment.  B;  the  very  terms  of  the  hypothesis,  it 
must  have  been  at  a  period  conaiderahly  prior  to  the  oldest  monuments  of 
the  Greek  language  that  the  particle  uir  liecome  uuited  with  the  already 
existing  perfect  inflection  to  form  the  ho-  perfect.  At  that  time  the  par- 
tides  ta,  ar  and  very  likely  many  others  enjoyed  a  much  freer  use  and 
wider  application  than  later,  vrhen  the  language  hod  become  more  stereo- 
typed. Certainly  at  the  beginning  of  the  historical  period  of  the  Greek 
language  hcv  and  af  had  become  appropriated  to  certain  distinct  uses  and 
were  confined  to  them.     Not  only  do  we  not  find  either  iiy  or  •(•■  with 


ith  the  greatest  difliculty 
ts  use  with  the 
discovered  one  or  two  in- 
u!d   aot   have   materially 


tlie  perfect  indicative  in  Homer,  but  it 
that  we  succeed  in  gathering  together  a 
present  and  future  indicative.  Even  i 
stances  of  it  with  the  jierfect  indicati 
favored  our  theory. 

It  Beems  to  me,  therefore,  that  Osthoff's  theory  exhibits  an  unusually 
keen  perception  and  fine  appreciation  of  the  principles  governing  linguistic 
development,  and  that,  while  it  cannot,  any  more  than  Brugmann's,  be 
caUed  a  demonstration,  yet  it  is  as  probable  and 


S  THEORY. 

Hartmann's   theory   appeared   first   in   Kuhn's   Zeitschrift,  vol.    iwviji 
p.  284,  in  a  brief  article  entitled  WUder  einmal  da»  n-  Per/ectum. 

•-  perfect  could  take  it 


Hartmttnn  starts  with  the  declaration  that  the  -' 


Jk»m  Jimp  Th^^rieevftheOfwk  K^FmfmA,  lU 

origin  only  from  such  steins  as  possessed  a  gutturally  extended  form  by  the 
side  of  the  original  one.  Thus  kt 006600  for  (^itTooK-tto)  which  points  plainly 
to  a  stem  srroox-,  as  an  extension  of  the  stem  nr-  (cf,  Tei-itr-oj),  gives  the 
perfect  niitroox-a.  This  leinrooxa,  being  associated  with  iti-nr-oo  as  its 
perfect  naturally  gave  rise  to  the  conception  of  'ooxa  as  the  perfect  suffix, 
wkence  arose  snoh  forms  as  oxf^xa,  oixo^xa,  possibly  even  kSi}Soxa, 

This  is  intended  to  serve  only  as  an  illustration  of  the  method  to  be  fol- 
lowed in  seeking  the  origin  of  the  -xa-  perfect.  Hartmann  admits  that  the 
relation  between  itr-  and  niitrooxa  could  only  give  us  -ooxa  as  a  perfect 
suffix  (as  seen  in  ox^nxa^  oixooxa),  not  -xa.  He  is  consequently  led  to  seek 
further  in  search  of  some  analogy  which  shall  be  more  far-reaching  in  its 
effects.  He  thinks  he  finds  this  in  the  relations  existing  between  fid6x<a 
and  pifirfxa,  He  explains  pifirjxa  as  the  perfect  of  pd.6xoo  properly,  not 
of  palroOf  and  as  arising  by  proportional  analogy.  Just  as  Xd6xoo,  which 
18  a  real  guttural  stem  (being  for  *Xax'  6x00,  cf,  e-Xax-ov,  aorist),  forms  its 
perfect  XiXrjxa^  so  after  the  same  analogy  Poi6xo!>  (though  not  really  from 
a  guttural  stem)  forms  the  perfect  fiifirfxa. 

After  fiifirfxa  had  once  come  into  existence  the  analogy  extended  to 
other  presents  in  '6x00,  e,  g.,  ^rif6xoi),  ffXoo6xoi),  /3tppoo6xoi),  etc,  whence 
the  perfects  re^vrfxa,  fxefifiXooxa,  fiippooxa',  then  subsequently  to  other 


Booh  in  brief  is  Hartmann*s  theory,  though  his  own  statement  (^  it  is 
«Qroeedingly  unfortunate  and  obscure.  It  wiU  be  seen  that  it  resembles 
Brugmann's  theory  quite  closely.  I  hold  it,  however,  as  much  less  proba- 
hie  than  Brugmann's  for  three  reasons. 

1.  The  analogy  by  which  /5d6xoo  is  supposed  to  form  its  ]>erfect 
fi^firfxa,  viz,,  from  the  relation  existing  between  Xd6xoo  and  XiXrjxa  is 
not  at  all  plausible.  There  is  no  similarity  of  meaning  between  the  two 
"woEds  which  would  tend  to  associate  them  together  in  the  mind,  nor  is 
Xd6xoi)  a  common  word  or  one  which  from  the  frequency  of  its  use  would 
be  expected  to  exercise  an  influence  upon  other  word-forms. 

8.  There  is  no  evidence  that  the  form  piprjxa  is  more  recent  than 
XiXrjxa,  as  is  implied  by  the  terms  of  Hartmann's  theory.  Both  forms  are 
found  in  the  oldest  monuments  of  the  Greek  language,  but  nothing  tends 
to  show  that  XiXrjxa  existed  before  pdprjxa,  so  as  to  serve  as  the  model 
for  the  formation  of  the  latter. 

8.  It  is  not  likely  that  a  formation  taking  its  origin  from  a  xnresent  with 
a  iihori  vowel,  like  pd6xoo  should  operate  immediately  in  affecting  presents 
with  a  long  vowel  as  ^vTf6xooj  pXo66xco,  ptPpoo6xoo,  etc,  while  at  the  same 
time  failing  to  influence  presents  with  a  short  vowel,  such  as  p66xoDj 
^jctthcw,  etc.  On  the  other  hand  we  should  expect  these  short  vowel  pres^ 
ents  "to  "be  first  affected  by  the  analogy,  and  the  long  vowel  presents  later, 
ff  ataD. 
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ON    SOME    METAMOKFHOSEU    ERUPTIVES    IN    THE 
CRYSTALLINE    ROCKS   OF   MARYLAND, 


By   WM.    H.   HOBBS. 

Bccent  tttudiea  of  tlie  crTstalline  rouka,  while  tbcy  leave  ua  atill  iu  doubt 
aa  to  the  oriKin  and  mucb  of  the  subsequent  history  of  tbeao-called/unda- 
imntaicomplex[Urgenei»a  or  Orutidgebirgeol  Qennan»).  y^t  have  been 
Tery  HUccesaf ul  in  explaining  aatiafBctorily  ta&ay  areas  ot  crystalline  Bchis- 
tose  rocks  by  the  metamorphisin  of  sedimentary  layers  or  eruptive  masses. 
Thuit  many  areas  of  rockH  not  to  be  distinguished  in  tbe  baud  specimen 
from  schists  wliich  lie  below  the  lowest  fosailiferous  horizons,  bave  been 
shown  Ui  be  metamorphosed  sediments  of  Silurian.  Dcvoniau,  or  «ven 
joungerages.  In  Norway  and  in  western  New  England,  Silurian  bedshava 
been  changed  to  crystalline  schista.  Schistose  Devonian  rocks  occur  in  tha 
Ardennes  and  Taunus.  In  northern  Italy,  at  Carrara,  the  Trias  is  repre- 
sented by  marble  and  iu  other  localities  crystalliue  schists  are  assigned  to 
Uie  Cretaceous, 

In  seeking  to  analyze  more  carefully  the  process  and  Hnd  analogies  with 
other  metamorphosing  agencies,  the  att«ation  is  directed  at  once  Ui  thoae 
processes  which  take  place  within  the  contact-zones  of  eruptive  masses. 
Careful  comparison  shows  that  as  concerns  mineral  decompositions  and 
tbe  atomic  and  molecular  re-arrange mcnts,  tlie  two  processes  yield  re- 
markably similar  results.  The  hydrous  minerals  generally  disappear, 
certain  mineral  species  disappear  and  are  replaced  by  other  specieB 
formed  from  their  constituents,  which  are  morestable  under  the  condiliona 
of  the  process.  The  more  common  metamorpbic  mintrals  are  mica, 
garnet,  stauroUce,  epidote,  vesuviauite,  wollastonite.  and  certain  varieties 
of  pyroiene  and  hornbleude,  Analyses  in  tola  of  the  unaltered  and  met- 
amorphosed phases  of  tbe  same  rock  yield  identical  rftsults,  exceptions 
being  noted  when  tourmaline,  topaz,  or  allied  species,  in  whose  formation 
gaseous  material  is  concerned,  have  iMjen  developed  during  the  process. 
Mineralogically,  then,  the  process  consists  in  a  more  or  less  thorough  ro- 
airangement,  which  may  be  mainly  molecular  as  in  tbe  case  of  hornblende 
after  augite,  but  it  more  frequently  involves  elaborate  chemical  decomposi- 
tions and  reactions.  The  German  expression,  Umbildung,  aptly  describes 
this  process. 

If  the  agent  be  sought  wliich  affects  the  transformations .  we  are  directed 
to  a  different  source  in  each  of  the  two  cases   of  Contact  and   Regional 
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Boietamorphism.  In  the  first  it  is  without  question,  heat,  while  in  the 
seoond  we  are  forced  to  believe  that  heat,  if  a  factor  at  all.  is  a  verj  small 
one,  its  place  being  taken  by  pressure,  accompanied  by  internal  movement. 
Where  the  rocks  show  most  disturbance  in  the  field,  there  the  microscope 
reveals  the  maximum  of  pseudomorphic  change  and  alteration  of  texture. 
.  We  see  then,  that  much  the  same  efifect  can  be  produced  at  least  along 
two  different  lines,  and  from  what  has  been  said  about  the  chemical  com- 
position of  the  rock  before  and  after  the  process,  it  would  not  seem  to  be 
impossible  to  produce  by  metamorphism  from  a  shale  and  a  gabbro,  the 
same  resultant  rock,  provided  their  analyses  in  toto  were  the  same. 

The  study  of  metamorphosed  massive  rocks  has  yielded  perhaps  the 
most  satisfactory  results,  since  the  original  character  is  frequently  betrayed 
even  after  pronounced  metamorphic  action,  by  areal  or  structural  relations, 
or  by  the  remains  of  rock-textures.  The  sending  of  dikes  or  apophyses  into 
surrounding  rocks,  the  presence  of  included  fragments  of  them,  and 
the  remains  of  crystal  boundaries  now  existing  for  some  other  species 
known  to  be  secondary,  are  valuable  bits  of  evidence.  In  some  re- 
gions where  massive  gabbro  oi  diabase  occurs  in  conjunction  with 
hornblende  gneisses,  it  is  seen  that  they  pass  insensibly  into  one  an- 
other, and  careful  study  has  shown  that  the  hornblende  gneiss  is  the 
metamorphosed  form  of  the  gabbro.  Geologists  have  further  been  able  to 
trace  the  steps  of  the  process  by  examining  the  rock  from  parts  of  a 
given  area  that  have  been  but  slightly  effected,  at  localities  where  most 
disturbance  has  taken  place,  and  at  intermediate  points.  It  would  seem 
that  the  feldspars  are  the  most  sensitive  to  disturbance,  a  wavy  extinction 
between  crossed  Nicols  being  noticeable  when  the  other  minerals  show  no 
effects.  If  the  process  is  more  advanced,  a  breaking  up  of  this  mineral 
may  result,  and  one  of  the  decompositions  to  saussurite,  epidote  or  amphi- 
bole  may  be  noticed.  Pyroxene  is  altered  to  amphibole  (Uralitization).  A 
breaking  up  of  hornblende  crystals  takes  place  with  an  arrangement  of  the 
longer  axes  of  fragments  parallel  to  a  plane  of  schistosity.  The  details  of 
the  process  differ  somewhat  according  to  the  original  chemical  and  min- 
eralogical  composition  of  the  rock,  the  intensity  of  the  matamorphism, 
and  other  conditions  which  we  can  not  analyze. 

A  region  which  furnishes  an  example  of  the  metamorphism  of  gabbro 
to  iu>mblende-gneiss  is  that  southwest  of  the  city  of  Baltimore.  The 
Potomac  formation  (Juro -Cretaceous)  consists  in  this  vicinity  of  unconsol- 
idated gravels  which  rest  on  the  crystalline  schists  and  gneisses  of  the 
Pre-Cambrian  belt,  and  their  included  intrusive  members.  To  the  west 
and  northwest  of  the  city  of  Baltimore  is  a  nearly  circular  area  of  hypers- 
thene-gabbro  and  gabbro-diorite,  which  has  become  well  known  through 
the  beautiful  studies  of  Dr.  Qeo.  H.  Williams.  The  results  have  been  pub- 
lished in  a  bulletin  of  the  U.  S.  (Geological  Survey.  Professor  Williams 
has  shown  that  the  hypersthene-gabbro  of  that  arta  passes  into  gabbro- 
diorite  by  the   alteration   of   both   hypersthene   and  diallage  to  horn* 
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blende.  The  alteration  begins  on  the  BurfacB  ol  tliepTroxene&ad  p 
'trvia  there  tuwaril  tlia  center.  From  the  same  baad  speciinea  m 
were  prejiared  in  which  could  be  seen  aloioflt  uaalMred  pyroxene,  mid  tha 
a  mineral  with  wide  marj^nal  tnagea  al  hornblende.  In  Che  hanil 
1  the  hyperetbene-gabbro  poaseasea  a  bronzy  lustre  from  the  pr*- 
pondarancB  of  orlhorhombic  pyroieop.  while  the  gabbro-iliorite  is  groon, 
owing  to  the  secondary  hornblende  derived  from  pyroxene. 

e  miles  square  immediately  southwest  of  that  just  deacribod, 
1  have  examined  in  the  Held  and  studied  by  means  of  microiuopic  sectioun 
aod  otherwise  in  the  laboratory.  The  western  portion  of  the  area  is  occii~ 
pied  by  the  Pre-Cacubrtan  gneisses.  Tiie  remaining  portion  of  the  area 
containH  outcrops  of  gabbro.  gabbro-diorite,  true  diorites,  hornblenite 
gneiss,  and  intrusive  rocks  which  belong  to  later  periods  of  eruption.  Tho 
field  study  shows  that  the  gabbro  forms  a  continuation  of  the  gabbro  area, 
studied  by  Professor  Williams.  This  part  of  tho  gabbro  area,  however, 
differs  in  two  respects  from  that  farther  north;  first,  in  the  greater  differ- 
entiation oC  the  magma,  which  here  produced  true  dioritee  aa  well  a> 
gabbro;  and,  second,  in  the  greater  metamorphic  action,  which  has  pra- 
diiced  from  the  gabbro  fir^t  agabbro-diorite.and  tlien  a  hornblende  gneiss. 
The  true  diorites  have  gone  over  to  hornblende  gneiss  by  much  the  sfuiw 
18  the  gabbro'diorite.  These  several  modification  a  are  attsumsd'to 
have  formed  one  and  the  eame  mag- 
ma from  tho  absence  of  any  visible 
contact  between  tbem.  The  gabbro 
ttnd  diorites  have  not  been  found  in 
;  outcrop,  but  tho  field  evi. 
dence  is  audi  as  to  make  it  very  prob- 
able that  they  are  differentiations  of 
Gabbro,  gabbro  dio- 
rite,  and  hornblende  gnei«<  on  the 
other  hand,  can  be  seen  to  pass  imper- 
ceptibly into  one  another  in  the  vicin- 
ity of  Ilchester.  The  mieroecopic  ev- 
idence is  most  confirmatory  on  this 
point,   slides  having  been   prepared    j  \fg^     ^     "  »         **  n   "wi 

from  a  Hufflcient  number  of  speci-  b«*eoii  teldepar  and  liorabk^mle.    X  64 
to  show  the  steiw  in  the  pro- 
To  make  clear,  it  will  be  necessary  to  give  somewhat  in  detail 
the  characters  of  the  end   types,  gabbro   and   hornblende-gneiss,  and  of 
the  intermediate  varieties. 

The  entirely  unaffected  hypersthene  gabbro  has  not  been  found  wttbia 
tb«  area  studied,  but  a  rock  containing  both  hypersthene  and  diallage  sur- 
rounded by  marginal  fringes  of  green  hornblende,  composes  a  oore  a  tvm 
tevt  in  diameter  enclosed  in  gabbro-diorite.  This  oore  occurs  in  the  nail 
fit  roclb  fanned,  by  the  railrcMhd  cutting  aA  Uoheatw  staUen,  and  its  bvowN 
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ookff-mmkMttftppBrent  in  contrast  with  tbe  green  of  the  (RuTonndlnK  rook 
nte  fMdapar  of  this  mck  ia  a  basio  plat^o^we,  correapondipg-  dtomAj-  with 
l)ytowiute.  Between  raoased  NicoU  its  strained  condition  ia  apparent  in 
the  wttT7  extuictkm.  The  hypeiBthene  is  Btrongly  pleochroio,  and,  like 
tbedMIage,  has  the  nanal  ohaiacters  except  for  the  marginal  rim  of  hom- 

The  gabbro-diorite  contaim  neither  hypersthene  nor  dlallage,  Iwtb  bar- 
ing been  changed  completel  j  to  hornblende.  This  mineral  is  not  generally 
an  flbioue  as  that  of  uralitized  diabaaea,  but  it  ia  a  green  massive  variely 
in  (syBtala  not  many  times  nnaller  than  thoee  of  the  pyroxene  from  which 
they  are  derived.  Not  infrequently  the  central  portions  contain  areas, 
rougfa^  circular,  of  »  colorless  mineral  of  low  refractive  index,  which  Is 
believed  to  be  quartz  separated  in  the  alteration  process,  and  indicating 
that  its  host  is  less  acid  than  the  original  pyroxene.  Similar  areas  occur 
in  the  byperite-dioritcs  of  Sweden  and  in  the  Baltimore  gabbro-diorit«. 
The  feldspar  ia  bytownite,  but  here  it  shows  more  marked  optical  ano- 
malies tban  in  the  g^bro.  In  the  more  effected  apecimenH,  hornblende 
is  developed  in  needles  within  the  feldspar,  being  aometimes  arranged  in 
bands  and  indicating,  it  would  seem,  lines  of  weakness.  In  certain  of  theae 
specimens  a  distinct  reaction-rim 'appears  between  the  feldspar  and  the 
hornblende.  Between  crossed  Nicole  this  rimaSorda  high  colore  like  thorn 
of  epidote.  Epidute  was  found  by  Dr.  Williams  to  compose  reaction-rims 
tntbe  gabbro-diorite  of  Mount  Hope,  and  it  was  at  Stst  suspected  that 
these  aggregates  might  be  composed  largely  of  epidote.  Prof.  Roaenbusch 
aoggested  to  me  that  the  mineral  is  amphibole  in  thin  scales,  the  high  col- 
on-resulting from  intercalated  films  of  air.     (Fig.  1.) 

In  some  specimens  of  this  rook 
rutile  is  present  as  an  important  ac- 
cesEory  constituent,  associated  with 
ilmenite,  and  Iiotb  are  surrounded 
by  wide  rims  of  titanomorphite  or 
ephene.  (SeeFig.  3.)  In  afewlocal- 
ties  (Ilchester  B.  R.  cut)  these  min- 
erals can  be  seen  in  the  hand  speei- 
men,  where  they  closely  resemUe 
the  similar  association  in  the  horn- 
blende gneiss  of  Lampersdorf  in 
Silicia.  As  soon  as  the  rock  takes 
on  the  laminated  character  of  a 
gneiss,  the  feldspars  appear  broken 
ilSlulrMd^"Zw°n|ii^.S^'^%B'^  down  or  granulated  periphericaUy 
UtaoomorpblW.    X1I7S.  ^^^^  f^^  moeaics  {Bandlicht  Kata- 

Miatntruktur.)  Simultaneously  a  "fraying  out"  and  splintering  of 
hornblende,    and   a   considerable    development    of    epidote   are   to  be 
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are  to  beobserved.    The  splintered  fragments  ot  hornblende  and  tlie  n< 

formed  mineraJa  become  rouRhly  oriented  with  reference  to  a  plar 

BchlBtosity.  (See  Fig.  8,)    Plata  I  is  from 

a   photograph  of  the  wall  of  hornblende 

gueiaa  on  the  left   bnnk  of  the  Patapsco 

river  opposite  DchesEer  railroad  statio 

In    the   same  region    are    found    other  ^ 

jroungor  intruBite   masses  which  cut 

rocke  juBt  described.     The  moat  import- fi 

ant  of  these  is  a  porphyritic  granite  C' 

taining     allanite*epidote     intergrowthe.   * 

and  having  diuritic  facias  resemblini;  the 

diorites  associated  with  gabbro.     Isolated 

bosses    of    a   non-feldspathic     pjroxene 

rock    and    a.   coarse   hornblende   picrite    -f'f-'-    BtcHonorHon 

(Cortiandtite)  occur.     Further,   a  coarse   troiD  TbiaflB  Ooiton  taUiB 

Bhowing  perlpheroleruiiUAtioD  i 
pegmatite  is  especially  abundant  in  tlie    utMU",  traying  om  of  honihienii 

nelghixtrhood  of  Ilchester.  ginii-ture.    XSO. 

In  the  course  ot  a  hasty  reconnaissance  in  the  Odennald  in  Hesse,  I  was 
much  impressed  by  ttte  striking  resemblance  in  characters  of  the  rocks  of 
that  region  and  of  the  one  just  described.  The  porphyritic  hornblende 
granites  and  diorites  of  the  Birbeoauerthal  resemble  more  than  any  others 
that  I  have  seen  the  Ilchester  granite.  !n  the  vicinity  of  Burg  Franken- 
et«iu  oa  the  BerfoCraafe  occur  g&bbros  a«goctated  with  dioHtic  rocks  bear- 
ing much  resemblance  to  the  gabbro- diorites  of  Ilchester.  The  Ilchester 
Cortiandtite  finds  its  representative  in  the  SchitterfeU  of  ^cliriesheim.  The 
analogy  might  be  carried  further  to  include  a  pegmutite^and  a  liaaic  pyrox- 
ene rock  ( Wehrlite)  from  the  same  general  locality  in  the  Odenwald  region. 


EXPLANATION  OF  PLATE, 

Oahbro-diorite  passing  into  hornblende  gneiss.  On  left  bank  of  Patapsco 
river,  near  highway  bridge,  at  Ilchester.  Md.  The  gabbro- diorite  ia  seen 
on  the  left,  passing  by  insensible  gradations  into  horublende  gneiaa  to- 
ward the  right. 


TIANS.  Wis.    \CAD 


Coneeming  the  Eru^acea. 


NOTES  AND  A  QUERY  CONCERNING  THE  ERICACEAE. 


By  CHAS.  H.  chandler,  Ripos,  Wis. 

Plants  ol  the  Heath  Family  are  rarely  lound  in  regions  where  the  soil 
is  calcnreouH,  The  perEonal  search  of  the  writer  in  his  leisure  hvara  for 
some  years,  as  well  as  inijuiries  made  ot  botanists  acquainted  witli  the  flora 
of  several  utatcs,  have  diselosed  no  exanijiles  of  Ericaceae  in  such  regions 
except  such  as  by  their  peculiar  conditions  seem  to  lie  exceptions  tending 
to  prove  the  general  rule  ot  their  absence. 

The  only  vigoroiu  f^owth  found  under  such  conditions  has  been  that  of 
the  parasitic  Monotrojta,  rejiorted  by  several  observers;  but  since  it»  support 
is  thus  indirectly  obtained  from  the  soil,  its  growth  is  not  inconsistent  with 
the  statement  that  the  Ericaceae  will  not  tolerate  compounds  of  lime. 

Rare  and  feeble  specimens  of  Pyrola  rotundifolia  are  said  to  liave  been 
found  in  Ripon,  Wis.,  in  a  region  of  Trenton  limestone.  But,  as  nearly  as 
the  two  spots  in  which  it  was  found  can  now  be  determined,  they  were 
both  upon  knolls  of  drift  gravel,  where  the  effects  of  the  underlying  lime- 
stone must  have  been  very  slight,  it  not  entirely  absent. 

A  vague  account  has  been  received  of  some  one  of  the  isiualler  species, 
Vaccinium  having  been  found  in  or  near  Waupaca  county,  in  a.  region  of 
hard  water.  But  here  t'K)  it  may  be  reasonably  sus|)ected  that  the  condi- 
tions were  like  tliose  mentioned  in  the  case  of  the  Pyrola,  since  the  Vac- 
cinium was  said  to  have  been  found  in  a  region  of  linolls,  and  upon  the 
knolls  riitlier  than  between  them. 

No  other  apparent  exceptions  have  been  found  to  the  rule  that  calca- 
reous soils  are  unsuited  to  the  growtli  of  all  members  of  the  Heath  Family, 
and  this  to  a  de(;ri>e  which  is  practically  proliibitive. 

Several  s|iecime]is  of  Kalmia  latifolia,  upon  being  carefully  tniiistilanted 
into  asoil  of  weathered  limestone  and  clay  iit  tireene  county,  Ohio,  died  at 
once;  and  ntliers  set  in  a  black  vegetable  loam  lilling  a  long  depression  in 
the  same  soil  lingered  without  any  growth  for  some  moutlis  and  then  died 

The  iiuery  whetlicr  it  is  possible  for  any  member  of  the  Ericaceae  to 
grow  ill  a  calcareous  soil  may  lead  to  broader  ijuestions  wUicI)  have  re- 
ceived very  little  attention  from  either  writers  on  agriculture  or  botany, 
euch  as  whether  the  non- adaptability  of  certain  soils  to  certain  plants  may 
not  often  be  due  as  mucli  to  the  positive  presence  of  injurious  constituent 
11— A.  &  L. 
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08  to  the  negative  property  that  certain  food  elements  <lemanded  by  the 
plants  are  absent;  and  whether  such  lines  of  a«la])tability  do  not  frequently 
coincide  with  generic  or  family  divisiim  lines. 


Note. —  After  the  reading  of  this  paper  cases  were  cited  by  members 
present  showing  real  excei)tions  to  the  rule  suggested.  Gaylusacia  resinosa 
is  found  upon  Trent4m  limesU)ne  three  miles  west  of  Hanover,  Ind.,  on  the 
high  banks  of  the  river.  Both  Gaylusacia  and  Vac(*inium  on  hill  tops  of 
Lower  Magnesian  limestone  in  towns  of  Troy,  Franklin  and  Si)ring  Green, 
Sauk  county,  Wis.,  and  other  plants  of  this  order,  but  the  species  were  not 
named,  in  Lincoln  county,  Ky.  In  none  of  these  cases,  however,  did  it 
appear  that  the  drainage  from  limes t(me  would  come  to  the  plants;  but 
still  the  soil  must  be  calcareous. 


/ 
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ARTIFICIAL  KEYS  TO  THE  GENERA  AND  SPECIES 
OF  MOSSES  RECOGNIZED  IN  LFSQUEREUX  AND 
(AMES'S  MANUAL  OF  THE  MOSSES  OF  NORTH 
AMERICA. — ADDITIONS  AND  CORRECTIONS. 


By  CHARLES  R.  BARNES. 


Since  the  eeparaite  publication  of  the  Keys  printed  on  paf^ea  11-81  of  this 
Tolume,  the  author  haa  discofered  a  number  of  errore,  typographical  and 
other.  He  is  also  indebted  to  Mrs.  E.  G.  Britton,  Miaa  C,  E.  CumminKS, 
Hr.  E.  A.  Rau,  Dr.  C.  W.  Swan  and  Mr.  L.  S.  Chenej  for  suggestions  or 
corrections.  The  additions  and  corrections  which  have  thus  accumulated 
are  deemed  of  sufQcient  importance  for  publication. 


Page  18,  for  first  three  lines  under  If  If  1[,  substitute: 
Teeth  bifid  b>  the  common  membranous  base. 
Leaves  subulate  to  lance  subulate,  from  a  broader 

base Leptotrlchnm,  lOS.   87. 

Leaves  broader. 
Lid  short,  conic  or  beaked      ....        Desmatodon,  110.   38. 
Lid  elongated-conic Tricfaoatomnm,  108.  88. 


Page  23,  for  line  13,  subetitute: 
Leaf-cells  quadrate  at  basal  angles. 

Plants  small,  capsules  about  2mm.  long  Plutjgyrinm,  307. 

Plants  large,  capsules  about  4mm.  long        Crllndrotheclnm,  810. 

Page  25,  below  B.  I,  insert: 

[S8.  cymblCallaiu  and  paplllunum  may  bs  sought  lwre.| 


Page  28,  for  line  15,  substitute: 
Ooiita  broad  above,  almost  or  quite  filling  point. 
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Page  30,  under  DICBANELLA,  read: 

X    Cells  of  the  exothecium  rectangidar-quadrate;  seta  red;  costa  narrow 

and  well  defined  below. 

Page  81,  line  1,  read: 

n.    Cells  of  the  exothecium  prosenchymatous;  seta  often  yellow;  costa 

fisually  broad  and  indistinct  below. 

Page  82,  set  D.  palnstre,  19.  opposite  line  11  and  dele  lines  12  and  13.    For 

line  19,  substitute: 
Papillose  at  back. 

Capsules  solitary D.  spnrinm,  21. 

Capsules  clustered ]>.  Drammondii,  22. 

Under  2,  dele  line  a. 

Page  88,  line  13,  for  b,  substitute  B. 

Page  48,  after  line  15,  insert: 

[G.  Penniiylvanica  will  be  sought  here.] 

Page  47,  for  last  8  lines,  substitute: 

Capsule  wholly  exserted. 
Smooth  wlien  dry,  delUiont  into  seta         .        .        .        0. 1u[>Yigatiiin,  2. 
Furrowed  when  dry,  abrupt  at  base     ....      0.  Donglasii,  6.* 

Pnge  48,  for  lino  5  from  bottom,  substitute : 
Capsule  furrowed  when  dry 0.  Doiiglasii,  6.' 

Page  04,  under  NBCKERA,  in  lines  2  and  4,  road: 

Plants  slender  (slioots  1 — 2  mm.  wide),  etc. 
Plants  ro})iist  (shcx^ts  3 — 1  mm.  wide),  dr.. 

Paf^L-  en,  to  Hookcrhi  Sullivantii,  add  foot  note: 

Milller  writ^'s  (July  1»*,  :S>^8):  "  I;io  Jlmthria  Sullirdntii  rriilii  untcrsrlu-idc  ich  auch 
heute  noi:h  von  //.  lun  us  und  obeiiso  von  11.  acutifolia  mis  Iiulicu."  Fide  Mrs.  E,  Q. 
Britton. 

Page  00.  under  THELIA,  fur  last  two  lines,  substitute: 

Usually  bi-furcate,  teotli  long  (1:17—20),  leaves  ciliate         T.  asprella,  2. 
Usually  4  furcNite.  ttn^th  short  (1:12),  leaves  not  ciliate  T.  lioscurii,  4. 


»  The  position  of  the  stoniata  of  this  specios  is  .still  uncoilain,  uud  until  it  is  found  again 
no  more  dolinite  characterization  of  it  seems  jK'issibU*. 
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Page  60,  under  4^  *-*,  for  linee  3, 8  wtd  4,  ntbetitute: 
Btem  leavee  short  acutninate,  cQia  2,  annolua  double        .        H.  nltam,  & 
Btem  learee  long  acuminate,  cilia  3,  anuuluB  eiipple  H,  gfKctle,  10, 

Stem  leaves  long  acominate,  cilia  1,  annulua  C  H.  CAljptratilBi,  11. 

Under  -^  ->-,  for  lines  4  and  5,  substitute: 
Apical  cells  of  branch  leaves  round,  papillose    .        H.  dellcatnlnm,  14. 
FerichsBtial  leaves  not  ciliato.  apical  cells  of  branch  leaves 

oblong,  with  3—8  papillsi  .        .        .        ,        H.  reeognltnm,  18. 

Under  b  insert  as  line  6: 
Plants  minute,  leavee  entire  (but  papillae  salient),  coetato 

to  the  middle H.  pjgmieiiK,  7. 


Page  70,  »     ■  ,  substitute: 
•     *  Leaves  entire,  or  denticulate  above,  plante  creeping. 

■  Page  71,  under  ^  ^  insert,  as  line  1: 

Leaf  cells  rhombic  above,  rectangular  below  H.  otwldeiitale,  B.  &  Ik' 

Change  the  cO'Ordinate  choices  in  this  paragraph,  lines  6  and  13,  so  as 

Leaf  cells  alike  throughout. 

Leaf  calls  enlarged,  rectangular  at  the  basal  angles. 

Page  73,  insert  as  Une  6  from  botton: 
Leaves  broad-ovate,  acute,  segments  split        .        .        H.  hians,  77. 


Page  74.  for  line  3,  substitute: 
Deltoid,  with  long  slender  points  (leaves  of  branchleta  sometimes  binnt). 

Page  76,  for  Une  8,  substitute: 
Leaves  widest  above  base,  long  acuminate. 
Leaf  cells  oblong,  parenchymatous       .        .        H.  ehrjBophrllnm,  180. 
Leaf  cells  fusiform,  proeenchjmatous     .        .        .        H.  riparian,  137. 

■Suit.  Icon.  UuBC.  BuppL  lOS,  pi.  81.— AccidentaUf  omitted  from  tbaHanusL 
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Page  76,  for  last  10  lines,  substitute: 

Leaves  not  falcate. 
Abruptly  filiform  apiculate,  alar  cells    not    conspicu- 
ous        Jl.  trleliophornm,  100. 

Gradually  filiform  acuminate,  alar  cells  orange. 

Plants  slender,  2 — 3  cm.  Ions- 

Branches  erect,  leaves  serrate  .        .        H.  Miililenbeckil,  111. 

Branches  intricate,  leaves  nearly  entire        .        H.  Fitz^jreraldi,  112. 

Plants  stout,  7 — 10  cm.  lonj;,  leaves  quite  entire         H.  stoliutum,  131. 

Acute  or  .short  apiculate,  alar  cells  few,  large  .        H.  pnliistre,  165. 

Obtuse,  entire,  alar  cells  hyaline  .        .        .        H.  cuspidatnm,  176. 

Page  78,  under  II,  in  parenthesis,  dele: 

and  HrMvhythecinni  Th<>(l<inii. 

The  following  typographical  errors  should  also  be  corrected: 

Page  13,  line  1,  for  nothing  read  noting. 

Page  15,  lino  10  from  bottom,  for  15:3  read  152. 

Page  22,  line  4,  for  B  *  read  2  *. 

Page  53,  lino  20,  for  P.  Muhlenbeckii  read  P.  jttiihlenbergli. 

Page  CO,  line  7  from  bottom,  for  A.  augustntiim  read  A.  angiistatam. 

Pago  09,  line  16  from  l)ottom,  for  li.  abietiuum  read  II.  abietinum. 
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THB  RELATION  OF  OLD  HNGLISH  'RHOMIG'  TO 
GOTHIC  "RLMIS; 


Bv  a.  H.  BALG. 

The  following  diacussiun  is  tlie  concluding  part  of  my  pa[)Or  on  "  The 
Science  of  the  Ei.glL«li  Lnnguugc  in  the  Light  of  GothEtr,"  read  before  the 
Wisconsin  Academy  of  Sciuncea,  Arts  and  Lettera,  Decenilier  38th,  1888. 

A  number  of  Germanic  stems  in  -<ia  :  in.  both  coucrete  and  abstract,  have 
been  given  by  Siev era,  in  bia  Old  I^nglieh  Orammar,  by  Kluge.  in  a  re- 
view of  Hiat  grammar  ('  Anglia,'  vol.  V,  part  4),  by  '  Paul,  in  Paul  and 
Braune's  Beitru?ge'  (vol.  IV,  p.  4ir.;  VI,  jj,  229).  by  Kluge,  'Nominalo 
Stammbildungslehre '  (Sg  84  and  14.')),  and  elBeivhere.  The  aliove  euffix  an- 
ewera  to  Gr,  o;  :  f j,  in  neuter  subatantives  like  ytvui,  gen.  ye'roys  con- 
tracted from  yei-ri-i,  for  a  more  ancient  ''yfyfiSna  and  to  Lt.  im.-cr,  in 
genua,  gen.  generis,  for  *genesiii.  The  accent  fell  on  the  radical  syllable, 
and,  tlierefore,  in  Germanic  tbe  sufflxnl  g  changed  into  z  which  ajiiiears  in 
Gothic  as  »  wben  assuming  the  final  position,  but,  by  leveling,  there  occurs 
z  for  s,  and  «  for  z. 

The  Gothic  word  i-iniiN, '  re^t,  quietness,'  shows  « in  all  cases.  Ita  original 
stem,  rimiz-,  answers  to  pre-Germanic  remrz-,  from  root  rein  seen  in 
Gr.  r,-p!ii-vi,  i.-o'ii •'<:'•>:,  'quiet.'  i'/ iiiu-ux  'rest.'  According  to  the 
law  that  pre-Germanic  unaccented  e  changed  into  i  in  Germanic,  and  pre- 
Oemianic  ncccn/ed  c  became  i  in  Germanic,  when  the  following  ityllable 
contained  i  (Coinp.  Gr.  irM-ri,  Germanic  *f('}t-is,  primitive  Old  Engliah 
ffit-i,  by  I'-umlaut  of  6  and  loss  of  -z ;  later  fvte,  Sliddle  English  fit. 
Modem  English  fi-tt),  pre  Germanic  rcmcz-  Brat  became  reiiiiz-,  and  then 
ritni2(=rimis},  our  Guthic  wurd  in  question.  Furthermore,  Geriiiauic  un- 
accented i  after  a  short  root  Hyllable  was  Mrst  retained  as  t  in  Old  English 
and  afterward  weakened  to  e. 

According  to  the  above  la«-S  of  development  and  decay,  Germanic  remix 
(Goth,  riniis)  appeared  in  Old  English  as  rcmi .-  rimi :  rime. 

Now  I  claim  that  rime  is  found  in  Old  Engliah  reomig,  '  quiet,'  formed 
by  means  of  the  Germanic  adjective  suffix  -ag~.  Tlie  d:irk  vowel  of  -ag 
changed  the  iofriiiu' (the  final  vowel  of  which  was  dropijed)  into  io.'rlinag 
becoming  riomag,  later  *riom(g  (by  weakening).  But  there  is  another 
Germanic  auff.,  -uj  (=Goth,  -cig-;  -ag-c  Gothic  -iff-),  which  waa  likewise 
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used  to  forDi  adjectives  from  substantives.  In  Old  English  -ig  was  first 
shortened  to  -4g,  and  in  the  inflected  cases  weakened  to  -er/.  In  conse- 
quence of  this  weakening,  the  two  suffixes  -agr  and  -eg  coincided  in  the  in- 
flected cases,  and,  by  the  law  of  analogy,  there  occur  not  only  nominative 
cases  with  original  -ig,  but  also  such  with  -ig  for  -eg,  from  original  -ag  ; 
an  example  is  our  Old  English  adjective  *  riomig.  A  similar  case  of  con- 
fusion is  that  of  Old  English  io  from  t,  and  eo  from  e,  a  fact  supported  by 
numerous  examples.  It  is  owing  to  this  double  confusion  that  Old  English 
reomig  stands  for  *nomeg;  hence,  Old  English  reomig  is  derived  from 
*  rime=  Gothic  rimis. 


I 


Ang'tfttle's  Phi/airn  Itfrieuvd. 


ARISTOTLE'S  PHYSICS    (PHYSIKE  AKROASIS) 
REVIEWED. 


By  JOHN  J.  ELMBNDOBF.  S.  T.  D., 

Pmfnw/r  of  Mmtnl  PlUlntoplttl  fa  Snrii.^  Collfg'. 

An  attempt  to  revivify  Aristotle's  Phjsice,  when  tliU  oineteentb  century 
is  drawing  to  itn  close,  uiaj  Heeni  to  Home  an  alMurd  anaclirouisn.  Uis  tuis- 
statemente  of  facts  liavc  furnished  ntock  quotations  to  t1>os>>  wlio  would 
illustrate  the  ignorance  of  benighteii  antiiiuity.  His  a  priori  method  has 
been  only  subject  for  ridicule,  because  in  tliis  euligLtened  period  there  is 
onlyoneBecurepath  to  true  scientific  knowledge,  Kc.,  the  alow,  but  safe  road 
of  accurate  observation  and  careful  eKperiment.  If  the  critical  observer, 
froui  w-ithout  the  sacred  precincts,  remarks  that  empirical  science  manl- 
f^tly  contains  a  jinun  assumptions  which  indicate  the  line,  among  an  In- 
finitude of  lines,  which  experiment  shall  follow,  and  ia  stated  under  the 
form  of  conceptB  wliich  need  accurate  definition,  the  reply  may  be  that 
advanciid  science  is  proceeding  on  the  straight  and  lowly  road  of  "  phe- 
nomenology,"  and  conlinea  itself  to  that.  The  critic  niightreplj',  with  Aris- 
totle, that  there  can  be  no  such  thing  us  a  science  of  phenooiena,  because 
they  must  be  appearances  of  some  thing,  and  cannot  be  thought  or  de- 
scribed,  much  less  accounted  for,  without  some  assumption,  true  or  false, 
re^)ectinB  that  thing.  Rut  the  dispute  would  only  grow  more  lively,  and 
the  end  be  far  off,  The  critic  will,  pcrliaps,  be  safer  in  confining  himself 
to  the  remark,  that  so  long  as  the  experimenter  says,  "I  sec  that,"  no 
meaning  can  be  attached  to  the  purely  phenomenal  construction  of  his  words, 
to-wit. ;  "  A  chain  of  successive  (subjective)  states  called,  /,  is  at  this  mo- 
ment followed  by  the  subjective  state  called,  seeing  one  of  co  ordinate 
phenomena  called  that"  Since  pure  phenomenology  appears  to  be  reduced 
to  this,  so  much  the  worse  for  phenomenology. 

Logic,  pure  mathematics,  even  that  despised  thing  called  metaphysics, 
will  liave  their  word  in  the  matter,  and  claim  their  place  in  the  large  do- 
main called  "science." 

It  ia,  perhaps,  time  to  call  a  halt;  and  after  hiughing  at  "  high  priori  " 
roads  to  science,  to  consider  more  seriously  whether  or  not  thoes  same  a 
priori  metliods  have  not  some  place  even  in  the  study  of  nature,  whether 
or  not  the  analysis  of  reason's  fundamental  concepts  and  necessary  judg* 
menta  is  absolutely  vorthlees  for  scientific  ends. 
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Admittiu^.  provisionally,  the  absurdities  of  Aristotle  and  his  school^ 
cheerfully  granting  tlu»  necessity  of  verification  of  all  deductive  infer- 
ences, yet  I  have  reason  to  maintain  that  that  a  priori  road,  where  everj* 
concept  is  ri^^^idly  defined,  and  jiriniary  truths  are  analyzed,  truths  abso- 
lutely unassjiilablo,  has  proved  sugjLijestive  of  ol)servations,  fruitful  in  in- 
ferences which  might  have  been  verilieil,  but  which  have  been  very  slowly 
reached,  and  or.ly  as  hyi>otheses,  l)y  the  enxpirii;al  niute."  The  iiujuiry,  it 
Beems  to  me,  is  not  upprtunisiUr!::  the  result  luny  iipj)ear  in  a  re  examina- 
tion of  Al■i^toth?^s  Vhvsiko  Akroas-i.-i. 

At  a  first  «;lanee,  one  is  iinpres-;ed  V)v  thi'  yjlarin^  ililTerenoe  U^tween  this 
treati.-se  auti  modern  works  bearing  similar  titles.  It  is  not  merely  that 
Aristotle  cites  Pome  observations,  si>-calied,  which  were  repf>rted  to  him,  or 
which  he  himself  noted  with  very  inaccurate  o])servation:  for  the  same 
thing  has  happened  bince  his  time.  Thus  one  of  our  chii-f  (Contemporary 
authorities  in  natural  science,  cites  certain  facts,  so  called,  whi«;li  were 
privately  confessed  to  mt',  many  years  a!?o,  to  be  slieer  imposture,  and  are 
now  publicly  s«)  acknowlednrpcl.     (M.  &  K.  Fox.) 

But,  setting  this  aside,  one  sees  in  a  modern  treatise  the  attempt,  at 
least,  to  follow  a  strictly  empirical  nu'tliod,and  to  attain  hijjjherand  higher 
generalizaticms  by  careful  inductions.     In  the  Physike  Akrojisis  the  aim  is 

I 

■to  clear  up  those  primary  concei>ts  which  underlie  all  jdiysical  investiga- 
tions, and  to  make  strict  logic*al  deduction  fifim  certain  i>rimary  princijdes, 
however  those  mav  have  been  obtained,  which  have  the  most  absolute  and 
intuitive  ci'rtaiuty. 

This  <linVn'in"''  i-J  of  c<)iirs(«  largely  due  t-^  the  t'.U't  (liat  Aristotle  is  aim- 
ing at  tlu*  I'bilosojihy  ot'  plivsics;  tn  .-jM-inr  cUmi-  cimrroN ami  pr..'<'i-Hdolin- 
itions,  to  «lHt  rjiiine  'I.  J,i  the  prin«'ipk.-s.  jmushs  and  rhMu.-nts  conci'rned  in 
nature. 

Aristotli!  lii>t  (I.  1)  indicates  his  ni«'lliod,  wliiv-li  is  to  ]»n.)C(?e'l  from  wliat 
is  nion.'  fainiliir  as  <'njnin;^  undi^i-  tlir  obsfrvalioti  of  tlie  M-nsi/.s.  to  what  is 
more  l"tiiula!!ieni:;i,  tj  civnK^nl-,  caiiH.f  aiul  (Mi'icijik ;..  1  .•.ii}i|mi><.'  that  wc 
mn^t  not  call  tbi-^.  *'  liacoiiian  i»idurtion,"  Init  nthi  r  analv.sis.  Tli.ii  wliidi 
is  jjrinjarily  iiivi-n  t«.»  n-^  in  kn(:)\vl''d;jo  i>  «'oni['lr'.\;  \vi-  analv/i*  it.  n^-inir  also 
logical  iiulnrtltin  in  (.nli-i- to  n-acb  rrniotir,  lait  lii^Jn. r  principli's.  X'erili- 
cation  wouM  of  I'Mur-^e  snpj»le!nenl  tliis  nn  llmd,  bur  our  author  niakr'svery 
irn}ierf«'ct  u-t*  oi  OiaX. 

PhvMic".s.  iti  it.-,  wido^?t  scnsi*.  embraces  all  the  M'tt-nccs  «tf  nature.     What 

Gi'iVf.  ill  till- !ii->-r.i'' ■  to  li;^  "  i' >T.'I  ili.iM.  <•!•■  ,'  I'l  irii ,  ^ii.i!  is  "Vjin'S^jiJ  ii\  iii-!  lith*  nsi 
tin*  hiti-;:.  Mn  I  ^'iviM-l".'*  •li'■^'■'■^  •.•:>■  in  i»'.iy>^i'*s.  Wo  v^-li  iiM  •li-iiiit"  li:-  .■i--..T?i'»ii.  if  hiMii":iiis 
o\'i»"ii:!i<'t:f  il  !'li.\-.i'  •.  I)-.it  Mui^'n;-.!i  a  •  Ari~t-.«ll'- 'ii*iiri!:iiii-.  ili.i:  .ill  «'!i^ij^'fin  luji  inv  <.aiiiJ 
lint  m*i*  i-:  1  M.it.  Will !!  •)!'  h -iti^-s  vlio"'  f.-lriri'-ftTi-r  Ic  mirU  i-.  riiaii^\  11.  1;  111.  I,)  i-.  n^iuii- 
il»li' to  Im.-il  iiiori..!!,  an.]  ,.'iv^  o!<Mr  '.i"m'iii<[ iMt i"n  mT  h:<  |tr'.'i»'.-:iti'j!i,  ( Ji'>v«.-'s  asSiM'tion, 
f.iU'*ii  iu  ir>  *.\i'l!  r  -■ll•^••.  s-.'f!ii-;  liartlly  warraii'-'l  !•>  M  :•  !.ni-.  <).;  I'm'  cnlrary.  tlui  a 
pri'iii  Mi'-f!;<il  mv.cIi'.  t«.'  \\^\'•  }i.»i'if'.'il  •ml.  in  ih:-*  «.asi' as  m  <i".l;'rr-.  ili-*  i'.ia<l  iin"i'Xp*nin>.»ut, 
by  ;.'iviji  ;  Titi  -mimI  ii-rs-^  i\\>\\\  suiii'.  tiling.'  «ii"rc  lU.in  "soitMi'idv  iuia.;iiiatioii  "'  of  the  results 
wljii.'li  iniulit  Ih-  t'.\ji'Mt»'vl. 
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ia  nature?  A  collective  iiatne  far  those  thingti.  tosether  with  their  i^aubes. 
etc.,  which  have  in  themHelvesfL  prinriple  of  moliun  or  chaugefkineaid). 
(II.  1.)  It  is  necessary,  then,  to  have  clear  conci'pts  of  matter,  form, 
cause,  change,  incluiling  local  motion,  time  ami  jilnce  or  sjiace,  n'itli  their 
correlated  itletia,  and  thin  is  the  »ini  ot  tlic  tre^iti.si.-  now  before  us. 

(I.  6,1).  Two  i>riiici])lc:t  at  It^a'it,  i>erha[i:<  three,  iiro  ueces.viry  to  ex- 
plain nature  aa  it  is  knon-n  by  us,  viz.,  a  pii^sivu  matter,  and  an  active 
force,  nianitented  in  contrary  i>li';nouienai  (iitlraction  and  rejiulsiou.  heat 
and  cold,  tic.  J 

Motion,  kineAis,  takeii  in  the  wider-t  synse,  is  the  (continuous)  lr;tnsition 
from  a  jHrtenti.il  state  to  an  actual  slato.  It  u  either  :i  change  of  iiuantity, 
orof  (|uality,  or  of  j>hice.  But  the  threo  are  re<luc'ii>lu  toone,  viz..  local 
motion.  (VIII.  1.)  If  to  tEiCrii!  wo  add  the  change  from  |iotential  to  actual 
being  iu  ^nerzttion.  and  it-i  contrary,  decay  (phthora)  wo  sliull  liiivu  the 
whole  sphere  of  chan^ceti  perceived  in  nature. 

II.  2.  Apiilied  uialhfmalic.5  uonsidur  l\ii  purely  intelti;;ible  and  un- 
changeable element  whicli  in  found  iu  nature,  unJerlj'ing  all  itH  chanf^a. 

II.  3.  We  accouut  for  any  of  those  changes  which  we  perceive  in  na- 
ture, when  we  assigu  their  causes.  But  the  word  caiuie  is  very  ambiguous, 
and  need»  definition.  All  u-sea  of  the  word  are  reducible  to  four:  (I).  The 
maUriid  of  the  thing  whicli  comes  into  beiug  may  he  called  its  cause,  (con- 
ditiiii)).  aii  marble  of  the  ht^itue;  ('J).  The  form  or  p:i[tern,  as  the  idea  of 
an  nnk  is  that  townrda  which  the  acorn  deveIo|is;  |;l).  Tlie  cllldrnt  c-ause 
or  originator  of  the  (.luingfr  wliicli  may  itself  be  a  cliungcahie  antecedent; 
{A).  The  init,  or  Uiial  causf,  nr  reason  why.  Why  docs  one  take  exercise? 
The  cause  is  not  fully  Kl^■L'n.  If  we  name  the  man.  dt-icribe  tlio  OKercL<(e 
and  nccoimt  for  raiisculur  contraction;  we  add  (II,  '■',),  aiiuther  caust^;  «c.,  the 
exerci^  iii  for  the  sake  of  lieulth. 

In  discussing  cause,  also,  we  must  not  overlook  t)ie  fact  (II,  T|  that  two 
.  very  diflerent  principles  are  re'|uiaite  in  explaining  nature,  w.,  the  sensible 
antecedents,  and  the  intelligihle  iirinciplc  which  is  not  |ihysic.il  nor  subject 
to  change.     Nature  re[|iiires  for  its  explication  the  ^ui)eriiatural. 

II.  )^.  Tile  discussion  of  final  causes  iu  of  such  iuterert  in  connection 
with  modern  pliysics.  ar.d  esiiecially  with  reference  to  recent  ([ucsiions  in 
Natural  history,  that  I  nmy  jierhaps  be  allowed  lo  iin^cnt  it  in  condensed 
paru]dira~c  Why  would  it  not  be  ^ullicient  e.xplnnation  of  the  expaneion 
of  water  pooled  down  to  -10  degrees  of  Fahrenheit,  if  we  coidd,  as  we  can- 
not, assign  its  physical  antecedents?  But  our  mind  recoguizi.-s  u  relation 
to  thegiHalof  the  world,  an  order  and  connection  of  things.  And  we  must 
assign  chance,  siH>ntan('ous  action,  or  design,  in  uccoui'ting  for  that  order, 
if  we  assign  any  cause  foi-  it.  (Chance,  here,  does  not  mean  the  entire  ab- 
Benccflflaw,  hut  a  law  which  does  not  enter  into  the  series  of  events  in 
question. ) 

By  cliaijce  residts  may  he  obtiiined,  indeed,  as,  when  our  guest  came  for 
other  reasons  but  took  a  bath  at  our  house,  we  say  tliat  by  chance  he  took  a 
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bath.  But  neither  chance  nor  spontaneous  action  will  account  for  the  in* 
variable  series  in  nature's  work  which  I  have  illustrated  in  the  expansion  of 
cooling  wateir  with  its  efTects;  therefore,  final  cause  must  be  assumed.  I 
am  not  considering  the  value  of  this  argument;  I  onlv  note  it  as  the  first. 

Secondly,  each  thing  in. nature  acts  as  it  is  adapted  by  nature  to  act;  and 
as  it  acts,  so  it  is  adapted  by  nature.  It  acts  for  some  end,  therefore  it  was 
naturally  produced  for  that  end.  If  a  house  were  among  natural  things  it 
would  be  constituted  as  it  now  is  by  art.  And  if  natural  things  could  be 
produced  by  art,  it  would  constitute  them  and  adapt  them  as  they  now 
are.  Art  sometimes  imitates  nature;  sometimes  attempts  what  nature 
does  not;  but  in  both  cases  for  some  end.  The  argument,  then  from  art's 
having  an  end  to  final  cause  in  nature  is  valid;  for  the  relation  of  prior  to 
posterior  is  the  same  in  both. 

Thirdly,  we  have  no  warrant  for  imputing  conscious  art  or  deliberation, 
to  insects  or  to  vegetables;  yot  tliere  is  an  end,  a  form  towanis  which  these 
work. 

Here  we  note  an  objection,  that  if  nature  soeks  an  end,  slie  (K)os  not  al- 
ways reach  it.  But  the  same  thing  is  true  of  art,  wherein  all  admit  the 
exifcJtence  of  linal  cause.  This  principle  does  not  exclude  the  principle  of 
necessary  conditions.  Avhicli  are  found  in  the  mat  Iter  by  which  all  things 
that  are  produced  are  conditione<I.  In  these  we  must  find  the  cause  of 
failure.  The  end  of  a  saw  is  to  cut  wood,  but  iron  is  tlie  neces-jary  matter, 
and  may  Ix?  tlie  cause  of  failure.  So  nature  HMjuires  the  matter,  but  the 
end  is  found  in  the  form,  the  idefi  (eidos).  If  the  end  is  to  bo  reached,  the 
antoccili'iit  f!nii.li(ii.n'>:  mii-t  alsoi'xi«<t;  if  th«'s»'  l.iltvr  «!«»  iu»t  cxi  ^t,  tluMi  the 
forintT  cannot  exist. 

Wilhoul  ('rltii-i/.in>^  tliOM*  ar;;uiiienls,  I  Ti(»t(^  tiio  \vi<l«.'  «liver;j;eni'e  of 
mi'lliod  I'rDiii  thi-  (•■niii;i<Ml.  }^:it.  as  tlu»  l:ittor  I'an  tnily  diecovi^r  aiitetredent 
conditions  ('xistii);^  in  time,  \vf^  n^ed  not  all«>\v  it  to  int<rr«»re  with  our  esti- 
mate of  Ari.-totl<'*s  analysis  of  llnal  ea'.is*'  ami  his  attempted  tl'.'tnonstration. 

Its  vahu?  si'eins  to  ^•onsi•^1  la?';.':«'ly  in  its  tixinir  attention  on  tlie  neees^ity 
of  a  rational  expl.mati«Mi  of  natnre.  Tor  who  explains  a  watch  by  merely 
sUitin;^  itr^  UkateriaN,  and  the  physieal  anteoctlents  cif  its  motions?  The 
plan,  the  adaptation  of  part  to  part,  the  i»n<l  aceonii.ili.>hed.  arc  still  more  es- 
sential. So  in  nature.  Who  explains  a  woodpeeker's  ton;,nie.  if  he  de- 
scribes its  anatomy  ami  nu'ehanisrn,  and  sj)ecMdates  eoTieernin>:  its  ori<;in, 
but  lejives  out  its  relations  to  tlie  bird  and  the  conditions  of  its  life  ? 

111.  t).  The  iritlnite  is  a  physical  eoneept  whi'jii  reipiires  examination 
and  delinition.  Phynies  treat  of  body,  tliat  whieli  lias  dinu»nsions;  and 
wiiether  it  beknowfi  sensibly,  or  re<rarde<l  in  thou^jjht.  it  is  mvessarily  lim- 
ited, finite.  Potentially  it  exists  in  thonjjfht  as  indellnite,  (apeiron)  that 
from  whieh  sonietiiin;i:  can  ahvavs  be  taken  aw.iv,  which  can  be  calwavs 
furtlier  divided,  to  whieh  Koni»Mhin;r  of  the  same  kind  can  always  be  added. 
Distin;jjnish,  therefore,  the  perfe(;t,  the  completed  whole,  (leleiofi)  which  as 
such,  admits  of  no  addition  or  subtraction. 
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I  pBS8  orer  the  proofs  that  tlie  univetse  as  a  whola  is  finite  in  maj^itude. 
Id  the  Fourth  Book  we  fiud  the  well  knowo  analysis  of  place  as  a  relation 
existing  between  corporeal  things,  the  relation  of  some  actual  Sniti;  body 
to  ita  container.  The  univerae,  aa  a  whole  is  therefore  not  in  place. 
(III.  5.) 

IV.  (t.  What  then,  do  wo  mean  \ty  spaoe?  It  is  merely  the  indefinite 
(apeiron)  enlargement  of  the  same  idea,  applied  to  tiie  |>utc>ntial.  not  actual, 
extension  of  bodies  with  their  three  dimensions.  In  other  words,  space  ii 
no  actualized  entity,  but  the  indcflnite  thought  whwe  actuality  is  jiliiae 
as  a  relation  in  actnal  bodies.  I  ilo  not  see  tiiiit  in  this  wo  have  made  any 
advance  from  our  author.  Piiysica)  science  can  tell  us  whether  we  need 
anything  more. 

IV,  S,  Aristotle  clearly  sees  and  points  out  the  rclationa  of  the  (prob- 
lem of  the  exiutence  of  a  mtcimm  to  tills  tiuestlon  of  Rpnce.  and  denies  ita 
existence.  Vacuum  is  unintelligible,  it  involvi-s  eoiitradiirtlon  in  thought; 
it  coutradi(?ta  experience. 

From  this  denial  of  a  vacuum  follows  a  mechanical  theory  of  motion, 
(kinesi.s)  whioh  Aristotle  intimated,  but  does  not  follow  out,  neither  was 
any  man  tiien  comiittent  to  do  so, 

IV.  10.  Motion  atid  lime  are  co-aval.  There  never  was  a  time  in  wiiiuh 
motion  did  not  exist.  Whicli  brings  us  to  a  physical  conception,  as  funda- 
mental as  it  is  thoroughly  established,  and  I  believe,  as  fmitTul  as  any  In 
Aristotle's  physics.  What  Is  tiiiiel'  lie  proves  that  it  is  not  an  independ- 
ent entity.    It  is  not  change,  which  is  particular,  found  in  this  or  that. 

IV.  ifl.  It  is  not  oiotiou,  which  is  fasiter  or  slower;  predicates  which 
are  not  applicable  to  tiuie.  Andyet  it  requires  niction;  i.  e.,  change:  and  all 
things  which  are  immoveable,  unchangeable,  arc  not  in  time,  Tiine  is  con- 
tinuous; it  ii  limited  by  what  we  call  "now;''  whicli  is  like  amoving 
point  describing  a  line. 

So  we  reach  our  definition;  "  Time  is  the  number  of  motion  (change)  in 
respect  of  prior  and  iHsterior."  This,  of  course,  implies  an  intelligence  to 
do  the  nuniltering.  In  a  purely  material  universe  there  would  l>e  no  such 
thing  as  time.  (It  may  seem  to  us  otherwise;  but  we  put  ourselves  there 
to  do  the  uuml)ering.) 

IV.     1 1,     Time  is  continuous,  not  an  aggregate  of  inslaiils  or  nows. 

IV,  13,  A  very  iihiin  deduction  is  that  thne  is  cither  finite,  actually, 
or  indefinite,  p<itenliiiHy,  But  it  can  never  be  iierfe<^t  itelc ion)  or  what  I 
should  citll  the  proi>er  inlinite.  When  limited  by  two  nowK,  like  two 
IK)ints,  e.  g.,  one  past  and  the  other  tlint  moving  pniiit  whk-li  we  call  the 
present,  lime  is  finite;  disregarding  either  of  the  nows,  we  get  the  poten- 
tially infinite  (apeiron)  in  duratiim, 

IV,  I'J.  Things  which  are  not  in  time  (and  such  things  there  are),  neither 
move  nor  rest.  For  rest  is  the  privation  of  motion,  and  is  numerable  in  fhe 
same  way.  Those  beings  only  are  in  time  which  are  subject  to  luotion,  to 
change. 
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IV.  14.  Is  time  such  a  relation  that  it  would  not  exist  if  there  were 
no  mind  to  nuralier  continuous  change  and  refer  it  to  some  measure? 
That  seems  to  ho  necessary  de<hiction  from  our  delinition  of  time. 

VI.  1.  Time,  like  every  otiier  continuous  <|uantity,  cannot  consist  of 
indivisible  units,  any  more  than  a  line  can  consist  of  successive  points. 

L  VI.  6.  All  changes,  like  time  their  number,  are,  i)otentially,  divisible 
ad  infinitum.  From  tliis  is  deduced  the  very  sugj^estive  principle,  that  no 
change  or  motion  can  possibly  be  instantaneous. 

In  Aristotle's  De  Sens,  Chapt.  V^I.  he  applies  this  principle  to  show  the 
progressive  motion  of  light. 

VII.  1.  Wherever  there  is  change,  or  motion,  there  must  be  an  ante- 
cedent, efUcient  cause,  which  itself  may  be  something  moved  or  changed. 
And  80  we  may  make  a  regress  indefinitely;  but  such  a  series  cannot  be 
infinite. 

I  do  not  propose  to  follow  the  metaphysical  proof  of  this  proposition, 
but  only  to  note  the  result,  viz.,  that  in  physics  a  first  moving  cause  which 
is  not  itself  subject  to  change  nmst,  according  to  principles  of  reason,  be 
assumed  to  exist.  We  shall  not  reach  that  first  cause,  perhaps,  by  regress 
through  the  chain  of  changes;  for  these  are  discovered  by  tlie  senses;  but 
this  first  cause  is  not  so  discoverable,  but  is  an  intelligible  principle,  neces- 
sary in  accounting  for  change,  and  known  with  absolute  certainty  to  exist. 

VIII.  1.  Motion,  chang(^  cannot  be  annihilated.  Nature  is  orderly,  sub- 
ject to  law,  and  the  law  of  continuity  of  force  cariies  on  successive 
changes  in  the  indefinite  extension  of  time. 

VJII.  il.  Let  usoonsidiM*  further  the  ]>rinn^  mover.  It  may  indeed,  act 
hrough  many  nii'dia.  just  as  a  iiian  may  imju'l  a  ^tniic  tlir«»u;^h  th<»  mtnlia  of 
his  cane,  his  hand.otc. ;  but  it  is  iiiipossil»U'  to  ri;<H'dp  in  su("h  ii  cluiia  through 
an  al)soliitt' inliriity  of  links.  Th<'  fir.-^t  Tn<»vi'r.  thi.'ii,  isseU'  nioveu.  It  (lo(\s 
uotconstitut(M>ii(M)r  the  cljain  of  links;  for  those  are  seii;'i!>h?,  the  prime 
mover  is  nurt'lv  inti'liiirihle.  Il  i.->  itM'U*  iiiimutal>h\  Kv^.Tvthini^  whicli 
is  mutahh'.  is  also  divisiSh.'.     But  the  prime  mover  is  nw  and  indiviMhle. 

VIII.  r».  It  never  eliaiiices,  but  the  things  \vlii<-h  are  moved  ehan^re 
their  rehil ions  I'j  ii,  as  il  doi?s  to  theiri.  Won-  1  (>l)serv<.-.  in  passin;^:.  that 
the  changeil  relalii.«ns  of  Deils  t»>  tlie  \vt)ild  nf  linite  htin;;s.  aecnnlini;  to 
this  prineii)le.  are  h:ise  I  on  elian;^es  in  tiu'  thin;;s  wliieli  Inlon^;  to  time. 

This  prime  movcM"  is  (^ternul.  Kor  mi)tii>n  lias  neither  l)e;^innin;^  tutr  end. 
It  iias  a>»>^(Uute  unit  v.  There  miv,  ind».'(Hl.  be  manv  motors  whieh  are 
immutable;  hut  if  they  come  into  hoinj^,  or  ci'a-e  to  he.  there  must  1»p  a 
cause  of  that,  as  of  any  other  chauL^e.  Thus,  we  are  carrie<l  hack  a;::ain  to 
the  eternal,  primal  m<»ver.  All  chanj;**  is,  in  ultimate  analysis.  re<lucihle 
to  one  eontimious  motion.  Theref(^re  the  lirst  caus(?  is  one  onlv.  All 
living  thini^s  may  he  (.'ailed  self  m<»veil;  Imt  they  are  also  chan^^eahle  and 
contlitionod  by  external  thinjj^s. 

Conehiding  this  too  brief  review  f»f  Aristotle's  fundamental  physical 
I^rinciples,  I  will  try  to  state  what  laws  of  nature  now  empirically  » stab- 
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Uflbed,  he  rationally  deduces  from  flrat  principles  at  leason,  by  aid  of  his 
accurately  defined  concepts. 
1.    AU  chai];);e  is  Reducible  to  local  motion. 

3.  Energy  is  an  unchangeable  quantum,  enduring  through  all  transma- 
^tions.    Hfitipn  is  n^vecjlestrojed,. 

8.    All  indefinitely  continuous  motion  (local)  is  In  curved  Unea. 

4.  Ught,  and,  by  parity  of  reasoning,  all  changes  of  condition  in  mat- 
ter, transioitted  ttuoueh  space,  are  not  instantaneous,  but  require  time  for 

their  trftn  nmiffl^np , 
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THE  DEFECTIVE  CLASSES. 


By  a.  O.  WRIGHT, 

Secreturu  of  tin:  State  Hoard  of  Charities  and  Roform. 

The  defective  classes  form  ii  series  of  small  hut  very  troublesome  tumors 
upon  the  body  politic.  For  various  reasons,  ranj^inj?  all  the  way  from  the 
imperative  need  of  protection  to  sqciety  up  to  those  huuiane  influences  for 
which  our  century  is  distinguished,  these  classes  have  fallen  under  the 
more  or  less  effective  guardianship  of  government  in  all  civilized  coun- 
tries. Private  effort  is  also  doing  much  to  palliate  or  to  prevent  the  evils 
which  the  defective  classes  bring  on  themselves  and  upon  society  at  large. 
And  still  there  is  everywhere  an  apparent,  if  not  a  real  increase  in  the 
number  of  these  classes  and  in  their  rat:o  to  tlie  total  population.  It  is 
claimed  that  this  increase  is  in  many  cases  caused  by  tlie  very  efforts 
which  are  made  to  care  for  them,  and  it  is  at  least  certain  that  these  ef- 
forts bring  to  light  many  cases  of  evil  which  would  have  been  hidden,  and 
preserve*  many  miserable  lives  which  would  have  been  allowed  to  perish  in 
former  davrs.  In  other  cases  it  isclairni-d  tliat  tlio  C(»m])lex  conditions  of 
modern  society  favor  the  incn.'a?^(M)f  these  classes.  At  any  rate  the  subject 
deserves  attenliiui  arnl  .stu«ly  by  the  piiilanthro]>hist  as  well  as  by  the 
statesman,  by  tlie  student  as  w«*ll  as  by  the  man  of  affairs. 

It  seems  to  me  that  the  fnlluwing  classillcation  of  the  defec^live  classes, 
which  is  original  with  me,  is  mure  pbilosoplii(;aI  than  any  otiier  1  have 
seenaudalsoas  goihl  for  prar'iicil  purposes  asany  olhci*.  This  elassiticalion 
deiK-nds  ujiou  thi*  tlirei'  divifrions  of  the  mental  fa(?ulties  which  are  gener- 
ally aceept(*d  by  psycholo;j:lsts.  Insanity  and  iiliocy  are  diffi-rent  forms  of 
defective  intelU.'Ct.  (.'rime  and  vice  are  eausr«d  l»y  defeci  of  tin*  (^motions 
or  passions.  And  pauperism  is  caused  l>y  (ieiv'Ct  of  th«' will.  Blindne-s 
and  deafmutistn  an*  tli'lVc's  of  thi'  senMs  re«|uiiin.u:  special  forms  of  «'du- 
calion,  but  ar<'  not  <lefeets  of  the  min<l  anv  more  than  th«'  In^s  of  an  arm 
or  a  leg.  iJlind  or  ilfaf  a?id  dumb  people  projK-rly  «Mliir:it(».l  ap»  not  a  bur- 
den or  a  dan.:r<.T  to  s:/ei«_'ty  as  are  criminaU.  iu-sane  i»er>o'is  t^r  pau|)ers. 
Their  defects  are  pli\sical  not  mi'Ulal.  and  thev  >hould  not  bo  elas-e.!  with 
persons  who  have  tliese  mental  defects. 

The  above  clas-silicaiion  has  the  advantage  of  starling  from  the  center 
instead  of  from  th*-  eireumI'«M'ence.  "The  mind  i-s  the  itieasare  of  the 
man"  and  it  is  tin*  abnormal  and  rlefective  minil  whit-.h  pro.luct?s  the  mis- 
chief rather  than  tlu*  physical  disability  or  the   social   cofiditions.     Doubt- 
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lees  these  have  their  influence,  but  it  ia  »  more  remote  influence.  The  im- 
mediate c&uw  ia  in  the  mind,  and  the  cure,  if  there  is  to  be  a  cure,  must 
be  addrecBed  to  the  mind  either  directly  b^  argument  and  influence  or  in> 
directlj  bj  cliiinglng  the  conditions  surrounding  the  subject,  so  aa  to 
change  his  motives.  Anything  which  fosten  abnormal  and  ill  regulated 
thouichta  or  passions  or  which  weakens  the  control  ot  reason,  conscience 
and  will  oTer  the  mind  tends  to  produce  insanity,  crime  and  pauperism. 
Everything  which  aids  self-control  reduces  the  tendency  to  these  abnor- 
malities. 

I  am  speaking  now  of  these  classes  as  a  whole  and  not  here  taking  ac- 
count of  the  exceptions  to  be  found  in'them,  I  know  a  men  who  was  a 
good  average  man  in  every  respect,  but  who  by  a  fall  upon  his  head  from 
a  load  of  hay,  was  made  insane,  deaf  and  dumb  add  blind,  all  at  once,  and 
who  is  still  thus  triply  afflicted,  but  is  otherwise  healthy.  In  his  cane  the 
insanity  was  a  pure  accident.  The  state  of  Oeorgia  severely  punished  the 
missionaries  who  undertook  to  civilize  and  christianize  the  Cherokee  In- 
dians contrary  to  the  laws  of  the  commonwealth.  They  were  criminals 
in  one  sense,  as  violators  of  human  law,  but  no  one  will  attempt  to  class 
them  as  criminal  in  anything  more  than  a  technical  sense.  I  once  found 
an  old  man  of  good  character  and  standing  in  the  community  in  a  poor- 
house.  He  bad  given  his  farm  to  his  son  on  condition  of  his  son's  caring 
for  him  in  hi^j  old  age.  The  father  waa  tortured  with  chronic  rheumatism 
and  was  therefore  some  trouble  to  care  for.  The  son  sold  the  farm  and 
moved  out-of  the  state,  leaving  his  poor  crippled  old  father  to  die  in  the 
poorhouse,  The  father  was  an  accidental  pauper  and  could  not  fairly  be 
included  in  the  list  of  voluntary  paupers.  But  such  cases  as  these  are  ex- 
ceptions, and  the  rule  is  as  I  have  stated  it. 

The  distribution  of  the  detect-ve  classes  by  nationality,  education, 
wealth,  age,  sex,  occupation  and  the  like,  is  interesting  from  a  scientiflc 
point  of  view  and  important  from  a  practical  standpoint.  A  study  of  the 
distribution  of  insanity,  crime  and  pauperism,  may  reveal  the  conditions 
which  create  or  foster  them.  And  as  society  has  more  or  less  control  over 
social  conditions,  it  may  become  possible  to  heal  some  of  thetie  ulcers  on  the' 
body  politic,  if  we  known'here  they  are  and.  what  irritant  produced  them. 
But  please  notice  that  1  say  may,  not  shall.  The  small  success  of  all  ef- 
fort in  the  past  toward  curing  these  evils,  ought  to  make  social  reform- 
ers modest. 

First  the  question  of  sex.  Men  and  women  are  about  eijually  afflicted 
with  insanity.  Massachusetts  has  more  women  than  men  insane,  because 
it  has  more  women  than  men  in  the  total  population.  Wisconsin  has  more 
men  insane  than  women,  because  we  have  a  preponderance  of  the  male  sex. 
Either  the  causes  are  the  same  in  men  and  women,  which  produce  insanity, 
or  they  are  equivalent.  Heredity,  worry,  over-work,  under  feeding,  sick- 
ness and  the  weaknesses  of  old  age  affect  women  and  men  equally,  and  the 
13  -A.  &  L. 
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perils  of  childbirth  and  of  loneliness  for  solitary  farmers*  wives  are  about 
equal  to  the  dangers  from  accident  and  the  vices  to  which  men  are  exposed. 

But  crime  and  pauperism  are  liabilities  of  men  much  more  than  of 
women.  There  are  generally  about  forty  times  as  many  men  as  women  in 
our  state's  prison  and  in  our  jails  and  houses  of  correction.  The  dispropor- 
tion is  not  quite  so  great  in  some  other  states  and  is  still  less  in  Euro, 
pean  countries.  In  Europe  there  is  no  sentimental  pity  for  a  woman 
on  account  of  her  sex.  In  this  state  a  few  years  ago,  a  farmer  was  mur- 
dered by  his  wife  and  the  hired  man.  The  hired  man  is  now  in  staters 
prison,  while  the  more  guilty  woman  is  free.  But  even  in  Europe  the  pro- 
portion of  men  to  women  is  perhaps  ten  to  one.  Women  do  not  commit 
crime  as  readily  as  men  do;  it  may  be  from  principle;  it  may  be  from 
cowardice;  it  may  be  from  lack  of  temptation. 

And  women  do  not  become  paugers  as  readily  as  men.  In  getting  out 
door  relief,  it  is  true,  women  are  a  little  ahead  of  men,  but  that  is  because  it 
is  easier  for  a  woman  to  get  poor  relief  than  for  a  man.  And  in  fact, 
where  outdoor  relief  is  laxly  administered,  though  it  is  the  women  who 
usually  apply  for  it,  there  are  often  lazy  men  behind  them  sending  them 
for  it  or  else  drinking  up  all  their  earnings  in  the  comfortable  conscious- 
ness that  the  public  will  support  their  families.  One  case  I  heard  of  in  this 
state,  where  a  man  spent  all  his  week's  wages  every  Saturday  night  and 
Sunday,  at  a  certain  saloon,  whose  proprietor  was  the  officer  who  gave  pub- 
lic money  to  support  the  wife  and  family.  That  man  was  the  real  pauper, 
not  his  wife.  So  that  even  in  outdoor  relief,  it  is  probable  that  the  men 
have  a  good  share  of  the  pauperism.  And  in  the  poorhouse,  as  I  said,  there 
are  thrice  as  many  mea  as  women. 

Second,  as  to  age.  About  an  equal  number  of  each  sex  are  born  idiots 
and  remain  so  all  their  lives,  so  that  the  question  of  age  in  idiocy  need  not 
be  taken  into  account,  except  that  idiots  are  not  long  lived.  But  insanity 
is  a  defect  of  mature  years.  Out  of  tliousands  of  insane  whom  I  liave  seen, 
I  only  remember  two  insane  children.  Going  through  an  insane  asylum , 
you  are  struck  with  the  general  age  of  the  patients  in  contrast  with  the 
youth  of  the  attendants.  This,  of  course,  is  partly  caused  by  the  fact  that 
insanity  is  not  very  curable.  Only  about  one-fourth  of  the  insane  recover, 
a  few  die,  and  the  rest  end  their  days  as  clironic  insane.  But  it  is  also 
caused  by  the  fact  that  most  insane  are  middle  aged,  or  elderly  before  they 
become  insane. 

Crime  is  rarely  committed  by  little  children,  and  when  committed,  is  ex- 
cused by  the  law  or  by  the  judges  and  jury.  The  absurdity  of  hanging  a 
boy  for  murder  or  sending  him  to  state's  prison  for  life  for  burglary,  both 
of  which  have  been  actually  done  in  the  south  recently,  is  not  allowed  in 
any  northern  state.  But  every  visitor  to  a  jail  or  state  prison  must  notice 
the  comparative  youthf ulness  of  the  prisoners.  The  average  age  of  the 
convicts  in  state's  prison  is  27.    Or,  to  put  it  in  another  way,  the  majority 
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of  convicts  in  Btste's  prison  are  under  35.    The  difference  between  27  and 
2S  is  accoonted  for  by  the  difference  between  an  average  and  a  majority. 

The  direut  opposite  of  this  is  the  caae  with  pauperism.  The  majority  of 
paupers  are  over  50  years  old.  Criminals  are  mustly  young  men.  Paupers 
are  mostly  old  men  and  old  women.  Youth  is  the  age  of  passion,  and 
perverted  passions  lead  to  crime.  The  author  of  the  Jukes  Family,  the 
best  sociological  study  ever  made,  says  that  among  the  descendants  of 
Margaret,  the  "  mother  of  criminals,"  it  is  very  noticeable  that  in  youth 
they  were  proetitutee  and  criminals,  and  in  age,  beggars  and  paupers. 
The  same  perverted  instincts  which  led  them  to  prey  upon  the  community, 
took  the  direction  of  crime  in  the  time  of  strength  and  of  pauperism  in  the 
time  of  weahneea. 

The  question  of  tramps  comes  in  here.  A  tramp  is  a  person  determined 
to  live  without  work,  and  who  therefore  is  compelled  to  wander  from 
place  to  place  in  order  to  do  so.  No  individual,  or  society,  or  institution, 
or  communitv,  will  support  on  able-bodied  loafer  in  idleness  any  length  of 
time.  But  many  will  give  a  tittle  money  or  bread  out  of  mistaken  sympathy 
toaetranger.orastbeeasiestway  to  get  rid  of  anannoyanoe.  I  liave  seen 
some  thousand  tramps,  and  with  very  few  exceptions  thej  were  young  men, 
I  have  seen  two  or  three  men  fifty  or  sixty  years  old,  and  I  have  seen 
two  or  three  women  tramps.  Bat  1  have  seen  hundreds  of  young  men 
under  twenty-one,  and  thousands  under  thirty,  healthy  able-bodied  men. 
Among  them  were  a  few  who  were  ready  for  robbery,  burglary  or  rape, 
if  a  good  opportunity  offered.  And  in  the  judgment  of  skilled  officers, 
there  are  some  murderers  and  other  criminala  hiding  amoi^  the  tramps. 
But  the  mass  of  the  tramps  prefer  to  prey  on  society  by  beggary,  rather 
than  by  crime.  If  they  were  bolder  they  would  be  criminals.  What  be> 
comee  of  the  old  tramps?  I  do  not  believe  that  many  of  them  live  to  be 
old.  They  are  killed  on  the  railroads  or  die  of  exposure.  Many  of  them 
tire  of  tramping  and  get  back  to  work  again.  Some  drop  into  crime  and 
get  into  priaon,  and  are  in  some  cases  reformed  by  the  steady  discipline  of 
prison  life.  One  tramp  told  me  that  he  got  the  opium  habit  through  the 
toothache,  and  was  broken  of  It  by  being  sent  to  state  prison  for  burglary. 
Other  tramps  break  down  and  die  in  poor  honaee  or  insane  asylums.  We 
probably  have  a  hundred  tramps  in  our  insane  asylums  in  this  state,  and 
about  as  many  in  out  poor  houses.  This  is  an  enormous  proportion  to  be 
furnished  by  from  500  to  1,000  tramps,  the  probable  number  who  are  in 
our  state  at  any  given  time. 

The  question  of  education  is  often  stated  aa  if  education  favored  insanity 
and  opposed  crime  and  pauperism.  As  a  fact,  I  do  not  think  that  educa- 
tion has  BO  great  an  influence  either  way,  as  many  seem  to  think.  We 
were  told  half  a  century  ago  that  it  was  cheaper  to  build  school  houses 
than  jails  and  poorhousee.  We  have  dotted  the  country  over  with  school- 
houses,  and  we  find  that  jails  and  poorhouses  are  just  as  necessary  asever. 
But  some  one  may  say  that  this  is  because  there  is  no  effective  c6mpulsory 
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education  and  because  we  have  an  unusual  number  of  ignorant  foreigners 
coming  to  our  shores.  But  this  is  sufficiently  answered  by  looking  at  Ger- 
many, with  its  homogeneous  population  and  compulsory  education  and 
compulsory  religious,  as  well  as  secular  education,  at  that.  In  (Germany, 
crime  and  pauperism  and  insanity  are  increasing  as  they  are  with  us. 
Criminals,  paupers  and  insane,  all  average  a  little  below  the  rest  of  the 
community  in  education.  There  are,  of  course,  exceptions.  In  the  case 
of  the  insane  and  of  criminals  we  can  all  of  us  point  to  conspicuous  excep- 
tions. I  know  a  few  cases  of  educated  paupers,  but  very  few,  because 
their  relations  or  friends  care  for  them  and  do  not  let  them  go  to  the  poor- 
house.  Inspecting  a  poorhouse  a  while  ago  I  found  in  one  of  the  rooms  a 
book  which  had  been  given  as  a  prize  for  scholarship  in  a  famous  New 
Ehigland  academy.  The  owner  had  been  district  attorney  of  the  county, 
and  was  now  in  the  poorhouse  through  liquor.  All  efforts  to  reform  him 
had  proved  in  vain.  But  the  fact  remains  that  the  average  of  the  defec- 
tive classes  is  of  a  lower  intellectual  grade  than  the  average  of  the  com- 
munity. Their  smaller  knowledge  and  less  natural  ability  makes  tbem 
break  down  into  insanity  more  easily  and  easier  drift  into  crime  or 
pauperism. 

The  best  statistics  of  criminals  have  been  kept  for  over  half  a  century  by 
the  Extern  Pennsylvania  penitentiary.  The  results  of  these  statistics 
seem  to  show  that  idleness  rather  than  ignorance  is  the  mother  of  crime. 
An  investigation,  which  I  made  a  few  years  ago  by  personal  inquiries 
from  poorhouse  to  poorhouse  in  Wisconsin  satisfied  me  that  about  one- 
third  of  the  paupers  are  made  so  by  idleness,  one- third  by  liquor  and  one- 
third  by  all  other  causes  combined.  In  my  judgment  the  idleness  which 
makes  truants  from  school  and  therefore  poor  scholars,  leads  to  crime  or 
pauperism  in  many  cases,  and  in  those  cases  it  is  not  ignorance  which  is 
the  cause  of  crime,  but  idleness  which  is  the  cause  of  both  ignorance  and 
crime. 

The  question  of  social  standing  is  not  of  as  great  importance  in  this 
democratic  country  as  in  Europe.  Paupers  of  course  do  not  come  from  the 
wealthy  or  the  middle  classes.  Many  of  the  laboring  classes  do  drop  into 
pauperism  through  misfortune  or  vice.  But  many  of  the  paupers  are  not 
even  of  the  laboring  class,  but  come  from  the  outcasts  of  society.  The 
same  is  the  case  with  the  criminals.  They  do  not  come  very  largely  from 
the  wealthy  or  middle  classes.  Some  of  them  come  from  the  laboring 
classes,  but  they  are  very  largely  from  the  outcasts  of  society.  To  some 
extent  this  holds  good  with  insanity,  but  only  to  a  small  degree.  The  in- 
sane are  found  in  all  classes  in  considerable  numbers,  but  the  laboring  class 
furnishes  more  than  its  share  of  insane,  and  the  outcasts  an  immense  pro- 
portion to  their  total  number.  Criminals  and  paupers  frequently  become 
insane,  I  should  say,  ten  times  as  many  as  from  the  same  number  of  aver- 
age humanity. 

The  advantages  and  disadvantages  of  city  life  have  often  been  talked  of. 
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Many  people  suppose  that  the  excitement  and  Btrain  of  city  life  condocet 
to  insanity.  Others  say  that  the^lonelinew  of  country  life  has  the  same 
effect.  An  English  phyaician  has  taken  the  pains  to  tabulate  the  statistioa 
of  insanity  for  the  city  of  London  for  forty  years  and  for  several  purely 
agricultural  counties  in  the  south  of  England  with  aboat  the  same  popula- 
tion for  the  same  period  of  time,  and  finds  that  there  is  no  difference  be* 
tween  city  and  country"  in  the  amount  of  insanity.  But  for  crime,  all 
statistics  show  clearly  that  crime  is  concentrated  in  the  cities,  which  are 
the  refuge  of  the  criminal  classes  and  the  nurseries  of  young  criminals  in 
the  neglected  street  children.  Pauperism  is  greater  In  the  city  than  in  the 
country,  though  this  may  arise  from  the  corrupt  municipal  goTernmenta 
encouraging  pauperism  to  win  votes. 

Now  I  come  to  some  very  curious  reflulttj  of  the  United  States  of  1680. 
According  to  the  figures  of  the  census,  insanity  is  about  twice  as  prevalent 
among  foreigners  as  among  native  whit«s,  and  about  twice  as  prevalent 
among  native  whites  as  among  negroes.  In  round  numbers  one  in  a  thou- 
sand of  the  negroes  of  the  United  States  are  insane,  one  in  five  hundred  of 
the  native  whites,  and  one  in  two  hundred  and  fifty  of  the  foreigners. 
There  has  been  a  great  deal  of  nonsense  written  upon  this  by  learned  men 
about  foreign  governments  shipping  their  insane  to  us  to  take  care  of.  The 
fact  is  that  the  ordinary  immigrants  are  healthy  young  people,  with  less 
insanity  tlian  the  average,  and  that  comparatively  few  cases  of  insanity 
are  shipped  over  here,  and  that  in  recent  years  a  strict  watch  is  kept  at  the 
ports  against  the  shipment  of  any  of  the  defective  classes  to  this  country. 
One  observation  will  prick  this  bubble.  In  the  census  the  children  of  for- 
eigners bom  here  are  counted  as  natives,  property  enough;  but  by  taking 
away  from  the  foreign  population  most  of  the  children  and  adding  them 
to  the  native  population,  it  makes  an  unfair  basis  ou  which  to  estimate  the 
proportion  of  insanity,  as  children  do  not  become  insane.  The  proper 
basis  would  be  what  is  the  proportion  of  foreign  bom  insane  to  the  adult 
foreign  population,  and  of  native  insane  to  the  adult  native  population. 
On  this  basis  there  is  still  a  sliglit  disproportion  of  the  foreign  and  native 
insane,  but  not  more  than  can  be  accounted  for  by  the  comparative  ignor- 
ance and  poverty  of  tlie  tuasa  of  the  foreigners  who  come  here  and  the 
trials  they  have  to  meet  in  adapting  tlieuiselves  to  tlie  conditions  of  life  in 
a  strange  land.  But  why  are  negroes  so  much  less  insane  than  white 
people?  I  do  not  |iretend  to  say.  Perhaps  it  may  be  on  account  of  their 
easy,  happy  dispositions,  which  makes  them  less  thrifty  than  the  whites, 
but  also  less  liable  to  bring  themselves  into  insanity.  Dr.  Bryce.  of  the 
Alabama  State  hospital,  says  that  insanity  since  the  war  is  rapidly  increas- 
ing among  the  negroes. 

There  is  a  greater  proportion  of  crime  and  pauperism  among  foreigners 
than  among  natives,  proluibly  because  of  their  greater  ignorance  and  pov- 
erty, and  becau.io  they  have  been  accustomed  to  rely  uiKin  a  paternal  gov- 
ernment and  do  not  got  accuBtoiued  to  the  freedom  of  America.    The 
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greater  tendencies  to  pauperism  I  ascribe  to  the  fact  that  in  most  European 
countries  the  laboring  class  is  on  the  verge  of  pauperism  and  is  continually 
being  pushed  over  into  it  by  sickness  or  old  age.  In  England  two  per  cent, 
of  the  population  are  paupers  and  a  large  part  of  the  agricultural  laborers 
end  their  days  in  the  workhouse,  for  the  reason  that  they  barely  get  a  liv- 
ing when  able  to  work  and  therefore  cannot  save  anything  for  old  age. 
The  paupers  in  this  country  are  a  great  deal  less  than  half  of  one  per 
cent,  of  the  population.  Where  the  laboring  classes  are  brought  up  to  ex- 
pect to  end  their  days  in  the  poorhouse,  it  is  not  wonderful  that  in  coming 
to  this  country  they  seek  relief  easier  than  the  natives  do. 

Negroes  furnish  a  larger  proi)ortion  of  crime  and  a  smaller  proportion 
of  pauperism  than  the  waites.  As  the  negroes  are  mostly  massed  in  the 
southern  states,  we  may  look  at  the  condition  of  society  there  for  part  of 
the  explanation  of  this.  Negroes  get  little  sympatliy  from  whites  in  the 
south  and  consequently  do  not  easily  get  into  x>oorhouse8,  but  do  easily  get 
into  prison.  Negroes  do  not  consider  petty  theiving  very  wrong,  having 
learned  that  during  slavery  times.  A  negro  will  not  starve  as  long  as  there 
are  smoke  houses  and  chicken  coops  in  the  neighl)orhood,  and  the  climate 
does  not  require  much  in  the  way  of  houses,  clothing  or  fuel.  But  the 
penitentiaries  are  filled  with  chicken  thieves.  Alabama  has  three  large 
penitentiaries  and  Wisconsin  one  small  one,  the  popalation  being  nearly 
the  same. 

The  effects  of  climate  have  not  been  much  considered.  But  I  believe  it 
will  be  found  that  warm  climates  do  not  have  so  great  a  proportion  of  in- 
sanity as  cold  climates.  It  is  certain  that  in  Europe,  Greece  lias  a  much 
less  pro]>ortion  of  insanity  than  Norway.  In  this  country  tliere  is  less  in- 
sanity in  the  south  than  in  the  north  in  proportion  to  population.  A 
part  of  this  is  due  to  the  noi^roes  in  the  south  having  a  small  proportion  of 
insanity,  and  the  foreigners  in  the  north  having  a  large  proportion.  But  it 
is  possible  that  climat<?  hsis  also  something  to  do  with  it.  I  cannot  discover 
that  climate  has  anything  to  do  with  crime.  Pauj)erism  is  increased  in 
cold  climates  by  the  greater  difficulty  of  getting  a  bare  subsistence. 

Much  has  l)een  said  al)out  the  rapid  increase  of  the  defective  classes, 
especially  of  the  insane.  Statistics  show  this  both  in  Europe  and  America. 
But  statistics  of  the  merv?  numlxTs  of  insane  at  any  given  time  are  very 
deceptive.  The  greater  humanity  with  which  the  insane  are  treated  now 
than  a  hundred  or  even  twenty- five  years  ago  has  preserved  their  lives 
and  thereby  caused  an  accumulation  of  the  insane.  This  greatly  increases 
the  nunil)ers  who  are  alive  at  any  given  time,  but  does  not  show  that  any 
more  i)ersous  become  insane  in  any  one  year  than  ever.  Careful  statistics 
have  been  kept  in  England  with  reference  to  the  latter  point  and  it  is 
found  that  there  was  an  increase  in  the  proporticm  of  commitments  to  the 
total  population  up  to  a  recent  time,  but  that  it  now  seems  to  have  reached 
its  highest  point  and  luKiome  stationary.  It  is  l>elieved  that  the  increase  in 
the  commitments  was  caused  partly  by  the  discovery  and  placing  in  insti- 
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tntions  of  cases  that  woald  otherwise  have  been  hidden  at  home  and 
partly  by  caUing  things  insanity  which  formerly  would  have  been  called 
by  some  other  name — such  as  senile  dementia,  epilepey  eccentricity  or 
primary  dementia.  I  believe  that  theee  statistics  show  that  insanity  is  not 
now  increasing  faster  in  England  than  the  population. 

In  the  United  States  insanitr  is  obviously  increasing  very  rapidly.  la 
ten  yeaiB  in  Wiaconsin  the  Insane  under  public  care  have  increased  from 
about  l.TOD  to  about  3,000.  This  is  partly  due  to  the  causes  discussed 
above.  But  it  is  also  due  to  another  fact,  to  which  I  was  the  first  to  call 
attention,  now  generally  accepted,  that  the  ratio  of  insanity  to  the  papu- 
lation is  much  greater  in  the  older  states  than  in  the  newer  onee  and  in 
the  older  counties  of  Wisconsin  than  in  the  newer  ones. 

In  ISeOthere  were  only  SOD  or  300  insane  in  the  state.  In  1880  there  were 
2,SO0  including  those  at  home.  And  now  there  are  probably  3,300  including 
those  at  home.  The  pioneers  of  Wisconsin  were  healthy  young  people, 
who  left  their  insane  behind  them.  It  has  taken  two  generations  to 
reach  the  amount  of  insanity  we  now  have.  But  if  we  bad  the  proportion 
of  insanity  to  the  population  which  Massachusetts  now  has,  we  should 
have  nearly  twice  the  number  of  insane  we  now  have.  We  may  expect 
to  keep  on  witb  our  increase  till  we  reach  the  proportion  of  Massachusetts 
and  of  England.  Already  some  of  the  older  counties  in  Wisconsin  are 
approaching  that  proportion,  while  those  in  the  north  have  only  the  ratio 
of  OUT  far  western  states  and  territories. 

The  rapid  increase  of  crime  in  this  country  is  doubtless  on  incident  of 
the  rapid  growth  of  city  population.  But  probably  the  more  careful 
administration  of  the  laws  has  increased  the  number  of  prisoners,  while 
the  system  of  reformatories  for  boys  snd  girls  and  all  the  good  inftuencee 
of  christian  civilization  have  been  resisting  the  increase  of  crime.  It  is 
noteworthy  that  a  better  prison  s^'stem  in  England  than  we  have  in  this 
country,  joined  to  tlie  private  reformatory  work  of  all  kinds,  has  brought 
the  increase  of  crime  to  a  stop,  and  that  there  Is  absolutely  less  crime  in 
Great  Britain  now  than  there  was  fifteen  years  ago  notwithstanding  the 
increase  of  population. 

It  is  fair  to  call  attention  to  the  fact  that  the  only  reliable  statistics  of 
crime  are  from  the  state  prisons,  partly  for  the  reason  that  jails  and  police 
stations  do  not  always  keep  accurate  registers,  and  for  the  more  important 
reason  that  officers  make  petty  crimes  appear  to  be  less  or  more  at  their 
pleasure.  For  the  sake  of  fees  or  to  get  a  reputation  for  efficiency  officers 
and  magistrates  often  largely  swell  the  number  of  prisoners  by  "  running 
in  "  tramps  and  drunks  to  suit  their  own  notions. 

The  same  causes  have  made  an  increase  of  pauperism  in  this  country  — 
the  growth  of  cities  and  the  foolish  or  corrupt  use  of  public  money  in  aid- 
ing undeserving  applicants  for  poor  relief. 

To  a  considerable  extent  these  three  defective  classes  link  iuto  one 
another.    It  is  hard  to  say  whether  a  tramp  is  a  pauper  or  a  criminaL 
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Many  criminals  may  be  called  insane  and  some  are  when  they  have  money 
or  friends  to  help  them,  and  some  insane  have  criminal  tendencies.  A 
very  lar^e  per  cent,  of  criminals  become  insane  in  prison  or  afterward. 
A  considerable  number  of  paupers  become  insane.  The  children  of  the 
one  class  pass  easily  into  the  other  class.  Street  children  who  are  the  chil- 
dren of  misfortune  are  easily  drawn  into  crime.  Here  and  there  in  our 
country,  and  in  every  other  one  are  knots  of  defective  classes  all  tangled 
up  together,  families  closely  related  furnis)iiug  a  wliole  population  of 
criminals,  paupers,  idiots  and  lunatics  amonp:  themselves.  Such  were 
the  family  in  Ulster  county,  N.  Y.,  called  by  Dr.  Dugdale  the  Jukes  family 
to  disguise  their  real  name.  Such  is  tlie  **  Tribe  of  Ishmael"  recently  de- 
scribed by  Rev.  O.  C.  McCuUoch  in  Indianapolis.  The  intercliangeability  of 
these  defects  is  very  clearly  shown  in  these  cases.  Another  notewortny 
thing  is  the  general  physical  weakness  of  these  hereditary  defectives,  run- 
ning easily  into  consumption  and  similar  diseases.  Even  in  good  families 
with  a  hereditary  taint  of  insanity  it  is  noticable  that  it  is  interchangeable 
with  consumption.  One  generation  or  one  brother  or  sister  has  consump- 
tion, another  has  insanity.  Or  the  same  person  has  insanity  but  recovers 
of  insanity  to  die  of  consumption. 

"What  are  we  now  doing  with  the  defective  classes.  With  some  excep- 
tions all  civilized  nations  are  pursuing  the  following  linen  of  policy.  Pau- 
perism is  relieved  and  discouraged.  The  treatment  fluctuates  between  the 
extremes  of  lavish  relief  and  stringent  discouragement,  but  is  generally  a 
compromise  between  these  two  extremes.  Insanity  is  cured  if  possible,  if 
not,  it  is  usually  protected  in  institutions  of  some  sort.  Crime  is  punished 
in  prisons  and  prevented  in  reformatories.  These  methods  oxjjress  the 
average  wisdom  of  tlie  present  generation,  which  is  far  in  advance  of  what 
has  previously  been  done  for  the  defective  classes.  It  does  not  follow  that 
this  is  the  best  that  can  possibly  be  done  for  them.  In  fact  here  and  there 
experiments  are  in  progress  which  I  believe  represent  not  the  average  wis- 
dom but  the  best  wisdom  of  our  times.  Here  .and  there  private  societies 
have  taken  u|>  the  work  of  eradicating  imuperisin,  not  by  relief,  which 
often  encourages  it,  nor  by  merely  repressive  measures,  but  by  carrying 
out  the  motto  of  the  charity  organization  societies,  •'  Not  alms,  but  a  frien<l." 
And  Rev.  J.  H.  Crooker.  of  Madison,  has  rei^ently  shown  by  a  remarkable 
historical  investigation  that  this  is  not  a  new  discovery,  but  is  a  century 
old,  when  it  was  more  fully  applied  to  public  poor  relief  than  it  has  since 
been.  The  methods  of  reforming  criminals  and  these  of  reducing  crime 
have  been  discovered  and  applied  in  the  British  l^les,  while  in  America 
they  have  been  only  so  ap]>lied  in  a  few  places.  The  methods  of  treating 
the  insane  have  been  growing  milder  and  more  humane  hi  Eurojie  and 
America  within  a  few  years.  In  my  judgment  the  State  Hospital  of 
Alabama  and  the  county  asylums  for  the  chronic  insiuie  (»f  Wisconsin,  mark 
tlie  hi;:lle.■^t  ]ioint  yet  reached  in  the  direction  of  liberty  for  tiie  insane.  At 
the  rale  of  progress  which   we  are  now  making,  it  will  take  a  genera- 
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tion  for  the  average  Aiaerican  treatiurat  of  the  defective  olasBes  to  leach 
the  standard  eet  for  pauperism  br  the  charity  organization  societies,  for 
crime  by  Elmira  and  Concord,  and  for  insanitj  bj  the  Wisconsin  system 
of  care  for  the  chronic  insane. 

Our  measures  of  treatment  of  the  defective  classes  sometimes  increase 
the  very  evil  we  meant  to  cure.  Poor  relief,  instead  of  relieving  pauperism, 
very  often  increases  it.  Insane  asylums  seem  to  increase  the  number  of 
insane,  prisons  of  criminolij.  This,  however,  is  not  a  necessity  of  the  cure, 
but  only  an  incidental  evil,  which  needs  U>  be  guarded  against.  We  must 
also  allow  that  our  iiumane  methods  of  treatment.  In  addition  to  the  good 
effects  which  they  have,  do  also  tend  to  increase  the  number  of  defective 
classes,  hj  proloo^ng  their  Uvea  and  by  making  their  lot  a  more  desirable 
one.  I  have  already  mentioned  the  accumulation  of  insanity  by  the  mere 
prolongation  of  life  in  the  insane  in  civilized  countries.  It  is  still  a  ques- 
tion whether  this  doua  not  sufficiently  account  for  the  greater  number  of 
insane  in  civilized  over  savage  countries. 

Where  the  insane  are  killed  as  witi;heB  or  executed  as  criminals  or  killed 
by  private  vengeance  or  malice  or  allowed  to  die  by  □Cf;Iect,  and  where 
only  the  robust  can  survive  the  hardships  and  perils  of  life  in  any  case,  it 
is  not  wonderful  that  the  insane  existing  at  any  given  time  are  few.  So 
also  with  pauperism.  If  no  poor  relief  is  given  there  will  be  no  paui>ers, 
for  some  will  starve  and  others  will  steal.  But  crime  seems  to  decrease 
with  milder  punishment,  whether  these  are  the  cause  of  the  decrease  or 
only  a  result  of  the  general  civilization  of  society  which  is  reducing  both 
crime  and  punishments  alike.  It  is  also  true  that  we  discover  and  do 
something  from  a,  large  numl>er  of  cases  now  who  would  not  be  known  as 
defectives  under  a  less  perfect  administration  of  government.  This  is  one 
of  the  causes  of  the  increase  of  insanity,  aa  I  have  already  said.  Crime  is 
more  completely  looked  after  and  things  are  called  crime  now  which 
would  not  have  been  called  so  a  few  yeara  ago. 

But  on  the  whole  I  believe  that  the  measures  we  are  taking  to  treat  the 
defective  classes  are  really  retlucing  the  numbers.  For  one  thing,  we  keep 
them  shut  up  in  institutions,  whore  they  are  not  allowed  to  propagate  their 
kind,  or  to  practice  or  teach  their  vices.  A  notable  exception  to  this  is  the 
county  jail  aystem,  where  prisoners  are  herded  together  in  idleness  to  con- 
stitute schools  of  crime  and  vice.  Our  methods  do  also  cure  many  of  the 
defectives.  Alrout  one-fourth  of  the  insane  are  permanently  cured.  From 
half  to  two-tbirds  of  the  criminals  are  never  convicted  a  second  time. 
Many  paupers  ami  tramps  do  finally  drop  back  into  society  again.  It  is  of 
course  a  struggle  which  may  be  made  to  apiiear  to  be  tending  one  way  or 
the  other  according  as  we  are  optimistic  or  pessimistic  in  the  best  of  our 
own  minds.  But  I  take  the  side  of  the  optimist  and  believe  tliat  we  are 
graduall  y  healing  up  these  ulcers  upon  so<.-iety. 

Tlie  best  sign  of  the  future  is  that  public  sentiment  and  legislation  is 
steadily  tending;  in  the  direction  of  prevention  as  well  as  of  cure.     Some 
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measures  of  prevention  like  the  various  phases  of  child -saving  work  have 
been  abready  fruitful  of  good  results.  In  other  cases  it  is  still  doubtful 
what  is  best  to  be  done  in  the  way  of  prevention.  But  I  believe  the  time 
is  coming,  when  by  the  combination  of  public  and  of  private  effort  we 
shall  greatly  reduce,  if  we  do  not  entirely  eradicate  the  defective  classes. 
In  my  dealings  with  them  I  am  sometimes  tempted  to  despair  of  human- 
ity. But  then  I  look  at  our  churches  and  schools,  our  literature  and  our 
industries,  and  best  of  all  our  happy  homes,  the  pledge  of  the  future;  and 
I  take  heart  again,  and  I  remember  that  after  all  the  total  number  of  pris- 
oners, paupers,  insane,  deaf  and  dumb,  blind  and  idiots  in  the  United  States 
is  only  one  per  cent,  of  the  population,  a  less  proportion  than  any  other 
civilized  country  has. 


Map  of  a 
map  made 
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portiuu  ui  Norchwestera  Montana,  slightly  modified,  and  reduced  f 
ID  September.  1891,  by  Lieut.  Geo.  P.  Ahem,  of  the  25th  United  E 
Scale:    One  inch  equals  ten  miles. 
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INTRODUCTORY. 

The  parti/,— III  August,  1890,  a  small  party  of  soldiers  under  the  com- 
maud  of  Lieut.  George  P.  Ahem,  of  the  Twenty-fifth  infantrj',  was  sent 
to  explore  the  mountainous  region  in  northwestern  Montana.  The 
party  as  Anally  made  up  consisted  of  two  mountaineers,  packer  and 
guide  respectively,  two  prospectors  eager  to  take  advantage  of  a  new 
route  to  possible  gold  fields,  two  Indian  guides,  a  squad  of  soldiers,  black 
as  ebony,  the  commanding  officer,  and  the  writer.  All  were  mounted 
and  well  armed.  Thirty  days'  rations  w^ore  cunied.  It  was  supposed  we 
would  reach  an  outpost  on  tlie  west  side  of  the  range  in  a  month,  to 
which  point  another  thirty  day's  supply  was  sent.  Owing  to  the  assist- 
ance of  various  hungry  natives  and  the  keenness  of  mountain  appetites 
our  rations  lasted  but  twenty  days.  Game  of  all  kind  was  abundant, 
but  the  noise  made  by  the  passage  of  such  a  i)arty  prevented  very  fre- 
quent additions  to  our  larder  from  this  source.  A  few  ducjks,  grouse, 
and  ptarmigan  paid  our  "  cook-house "  a  visit,  as  did  numerous  fine 
trout.  Of  large  game  we  secured  one  bighorn,  and  sixteen  mountain 
goats.  The  young  of  the  latter  are  very  fine  eating;  the  old  l:)ucks  taste 
of  musk. 

The  region  covered  by  the  route  lies  between  the  41)th  panillel  on  the 
north  and  the  ITth  on  the  south,  and  betw^een  11'2-  ,30'  and  111'  'JO'  west. 
It  is  divided  naturally  into  the  following  regions:  1.  The  western  bor- 
der of  the  plains,  a  strip  40  V>y  130  miles.  2.  The  narrow  bolt  of  foot- 
hills, four  to  twenty  mil(.'S  wido  skirt iii;^  the  range.  3.  The  iiuiin  ninge 
of  the  Kookj'  inouutaius,  and  1.  TIk^  (Ireat  Flathead  valley  with  its 
tributaries.  In  tin*  eastern  jiortion  of  this  ret^ion.well  toward  the  na- 
tional boundary,  the  Pir«jan  and  Blaekfof't  Indian  reservations  are  lo- 
cated. Tn  the  soutluv(»stern  portion  is  thf»  Mat  head  Indian  reservation, 
extending  from  l-^lathead  lake  down  to  the  Northein  Paeilic  railroad. 
With  th(*  exception  of  the>o  agencies  lying  on  the  outer  border  of  the 
region  it  is  wliolly  uninhal)ito<l.  and,  so  far  as  could  be  h'arned,  almost 
wholly  unexplored. 

Ohjrrt  nf  the  jinifuL'if.  -The  ol).ie('t  of  the  exi)edition  was  to  find,  if 
l)ossible,  a  pass  over  the  main  range  farther  north  than  any  then  known, 
to  map  the  course  of  the  streams  and  the  principal  Intlian  trails.  As 
such  a  tri])  mi>:ht  oifer  some  opportunity  for  geological  observation  T 
accepted  Lieut.  Ahern's  invitation  to  join  him. 

lii.il'uni  irnrrrxi'd.  We  left  I'ort  Shaw,  Montana,  on  the  morning  of 
August  ."ith.  Our  route  for  the  (ii-st  ninty  miles  was  over  a  rollimr  i>rai- 
rie,somwhat  we-^t  of  north,  but  gradually  swinging  more  to  the  west,  until 
at  the  end  of  the  fourth  day  we  went  into  cam})  in  the  foot-liills  close  up 
to  the  l)as«*  of  the  main  range  on  the  Cut  IJank  Creek,  thirty-tive  miles 
from  the  l)oundary.     A  fairly  gocnl  wagon  trail  lead"^  to  this  point,  and 
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our  supplies  had  been  so  far  transported  br  wagon.  Thej'  were  now 
tninsferred  to  the  pack-mules,  who  entered  a  vigorous  protest  against 
this  retam  to  more  primitive  methods. 

Our  coarse  from  the  Cut  Bank  wb.s  nearlf^  north  to  the  national 
boundary,  which  we  touched  first  in  longitude  11.3'  30'  west.  From  this 
point  we  moved  westerly  to  the  valley  of  the  Belly  River,  crossing  the 
main  range  at  the  head  of  that  stream  about  flfteen  miles  south  of  the 
boundary,  in  longitude  113°  10'.  From  the  new  pass  we  descended  by 
the  way  of  Mud  Creek  into  the  valley  of  the  North  Fork  of  Flathead 
river,  our  course  being  very  crooked,  bat  averagiug  about  southwest  by 
south.  OuF  farthest  west,  114°  13',  was  reached  near  the  48th  parallel,  at 
which  point  I  left  the  party,  rotuming  home  by  the  way  of  Flathead 
lake  and  south  to  the  Northern  Pacific  railroad.  We  were  eight  days 
on  the  plains  and  tweuty-two  days  in  the  mountains.  Side  trips  were 
made  as  follows:  Up  the  Cut  Bank  to  the  summit  of  the  main  range, 
where  there  is  an  ea,<iy  pass  at  an  elevation  of  7,800  feet;  up  the  Swift 
Current  from  the  foot  of  St.  Mary's  lakes  also  to  the  summit,  but  a 
vertical  descent  on  the  western  side,  of  many  hundred  feet  barred 
further  progress  there.  Another  trip  was  made  over  the  divide  between 
MacDonald's  Creek  and  the  head  waters  of  the  East  Kootanie  to  Glacier 
Creek.  Tho  whole  distance  traveled  in  saddle  or  on  foot  was  estimated 
at  370  miles. 

PREVIOIIS  EXPLOBATION'B. 

So  far  as  I  know,  the  only  explorations  in  this  region  previous  to  our 
visit  were  by  members  of  the  Boundary  Commission  along  the  49th 
parallel,  and  by  Dawson,  McConnell,  and  others  of  the  Canadian  Survey 
on  the  north  side  of  the  line.  None  of  these,  so  far  as  I  can  find,  trav- 
eled far  south  from  tlie  line  In  the  mountains. 

GEOORAPHT   Ann  GENERAL   DESCRIPTION. 

The  j»/«iHs.— The  region  lying  east  of  the  mountains  from  Fort  Shaw 
to  the  boundary  is  a  high  prairie,  sloping  rapidly  from  wei^t  to  east  and 
traversed  by  occasional  swift  streams  from  the  mountains.  Tho  eleva- 
tions range  from  5.000  feet  at  the  base  of  the  mountains  to  3,500  at  a 
distance  of  forty  miles  ea.st.  The  Milk  River  Ridge,  where  we  crossed 
it,  rises  several  hundred  foet  above  the  streams  that  unite  to  form  the 
South  Fork  of  Milk  River  and  over  a  thousand  feet  fll>ovo  the  surface  of 
St.  Mary's  Lake.  This  ridge  has  a  nearly  north  and  south  trend  near 
the  boundary,  but  bears  a  little  west  of  south  and  joins  the  main  range 
on  the  upper  waters  of  the  Cut  Bank.  It  is  the  water-shed  between  the 
Hudson  Bay  basin  and  the  Gulf  of  Mexico.  It  was  followed  by  Lieut. 
Aheru  and  myself  to  its  junction  with  the  main  divide  of  the  Rocky 
Mouutain-s,  and  the  separation  was  fouud  to  be  so  sharp  that  from  the 
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summit  on  the  north  side  of  tlie  pass  one  mi^ht  without  moving  from 
his  tracks  cast  three  snow-balls  so  that  one  would  fall  on  the  Pacific 
slope,  another  on  the  Gulf  slope,  and  a  third  on  that  of  Ilurl^ion's  Bay. 

The  foot-hills, —  The  high  prairie  is  separated  from  the  mountains  by 
a  narrow  belt,  consisting  of  a  somewhat  confused  mass  of  ridges  and 
hills.  The  ridges  constituting  the  foot  hilLs  run  in  all  directions,  but 
the  highest  are  approximately  at  right  angles  to  the  trend  of  the  moun- 
tains. The  strata  are  considerably  disturbed  being  usually  tilted  more, 
and  much  more  irregularly  than  the  beds  in  the  ad^iacent  mountains. 
The  elevation  of  these  hilLs  is  usually  under  1,(XX)  feet  above  the  plains, 
but  sometimes  runs  up  to  1,5(K)  feet  or  more.  The  line  sepai*ating  the 
foot-hills  from  the  mountains  is  quite  as  sharply  drawn  in  this  region  as 
that  between  the  plains  and  the  foot-hills.  The  latter  are  usually 
wooded  and  somewhat  rounded.  The  mountains,  on  the  other  hand, 
present  a  frowning  battlement  of  bare  and  almost  vertical  walls  facing 
the  plain  and  rising  3,(X)()  to  4,000  above  it. 

The  mountains, —  On  entering  the  mountams  by  way  of  the  valley  of 
the  Belly  River  we  found  that  the  range  makes  makes  a  sharp  Ijend  to 
the  west  about  twenty  miles  from  the  boundgo^',  so  that,  although  we 
were  now  traveling  nearly  south,  wo  were  approaching  the  main  divide 
nearly  at  right  angles  to  it.  The  valley  is  over  a  mile  wide  near  the 
boundary,  but  a  short  distance  up  the  stream  it  becomes  quite  canyon- 
like. The  walls  are  very  steep  and  rarely  less  than  2,(KK)  feet  high.  We 
went  into  camp  just  at  the  lower  end  of  the  canyon,  in  a  dense  fog  which 
shut  out  from  view  all  objects  a  hundred  yards  away.  In  the  morning 
when  we  looked  out  of  our  tents  the  fog  was  slowly  drifting  away  and 
glimps(»s  of  the  lofty  peaks  could  be  had  through  rifts  in  the  fog.  The 
effect  was  (juite  striking.  The  foot  of  the  mountains  was  entirely  con- 
cealed, but  at  our  camp  some  two  miles  away  the  air  was  (rlear.  Now 
and  then  a  i)r()jecting  portion  of  a  mountain  side  perhaps  2,(HK)  feet 
above  us  would  be  clearly  revealed,  while  aV)ove  and  below  tlie  white 
fleecy  veil  hid  all  and  seemed  to  have  taken  the  mountain  up  bodily  and 
to  be  about  to  remove  it  from  our  pathwaj\  In  other  places  the  upper 
peaks  alone  rose  clear  and  distinct  above  the  sea  of  cloud  and  seemingly 
almost  over  our  heads.  Altt)gethor  it  was  a  picture  long  to  be  remem- 
l)ered  by  those  who  saw  it. 

*SVt' »('/'//.-  The  s(;enery  even  along  the  foot-hills  is  strikingly  beauti- 
ful. The  lower  ridges,  rounded  and  tree  covered,  rise  abruptly  from  the 
plains,  while  as  a  background  the  bare  rocky  walls  of  the  mountains  cut 
by  transverse  valleys  rise  in  stately  grandeur.  A  single  glanc(>  takes  hi 
a  view  of  level  plain,  tumbhul  foot-hills,  and  lofty  mountains,  the  latter 
softened  somewhat  in  their  outline  l)y  distance.  As  the  summit  of  the 
main  range  is  neared  planis  and  foot-hills  disappear  and  the  landscape 
is  made  up  only  of  i\)cky  mountains  lifting  tlieir  jagged  summits  above 
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deep  natTowvalleys  down  which  swift  torrents,  from  the  snow-fteids  and 
small  Klaciern  above,  roar  und  tumble  over  their  roi-ky  beds,  or  plunge 
[rom  leclffc  to  ledge  in  beautiful  cataracts.  At  intervals  in  these  valleyH 
the  falling  debris  from  the  canyon  whIIh  has  daiiuQud  the  stream  aud 
beantitul  lakes  are  formed.  The  river  we  ascended  takes  its  rise  in  one 
of  thesepake^,  lyiug  iu  a  beautiful  amphitlieati-e  at  the  very  foot  of  the 
continental  divide.  The  lake  is  about  two  miles  long  and  a  mile  wide. 
It  is  supplied  wholly  by  three  small  glaciers  which  cling  to  the  side  of 
the  mountain  3,(K)0  feet  above  it.  The  amphitheatre  contains  about 
eight  square  mileu.  It  is  the  result  of  a  loop-like  bend  in  the  dividing 
ridge.  Its  walls  are  almost  vertical,  save  one  portion  on  the  southeast 
side,'Rud  are  from  2,000  to  3„"iOO  feet  high.  The  new  jtass  is  at  the  head 
of  this  amphitheatre,  T,2oO  feet  above  sen.*  The  dividiikg  ridge  itself' 
the  backbone  of  the  continent,  is  surprisingly  narrow  and  quite  sinuous 
It  is  terminated  at  the  wummit  by  a  thin  wall  varying  from  TiO  to  3(X)  feet 
in  thickncRt4  and  surmounted  by  jiiunacles  and  chimneys  which  em- 
phasize its  wall-like  appearance.  It  is  in  many  places  so  narrow  and 
rugged  that  it  would  be  impossible  to  travel  along  it  without  the  use  of 
ropes  and  ladders.  It  presenes  this  peculiar  mural  character  for  at 
least  50  miles. 

Ah«rn  Phm.— Aheru  Pass  is  2,000  feet  above  the  lake  at  its  foot,  and 
the  summit  wall  oa  either  side  of  the  pass  was  estimated  to  be  at  least 
1,500  feet  more.  The  entire  force  tiad  worked  two  days  in  making  a 
trait  from  the  foot  of  the  talus  slope  to  the  summit  of  the  pass.  The 
a-ssent  is  very  steep  and  was  made  with  difficulty .t 

The  Western  Slope. —  The  western  slope  is  in  stroug  contrast  with  the 
eastern.  A  gentle  grassy  declivity,  down  which  we  could  indulge  in  the 
rare  luxury  of  riding,  stretched  away  for  a  couple  of  miles,  after  which 
it  rapidly  became  steeper,  following  the  changing  dip  of  the  strata,  until 
we  were  obliged  to  dismount  and  lead  our  horses  through  the  thick  tan- 
gle of  brush  with  which  the  steeper  slopes  were  covered.  We  passed  the 
summit  in  a  biting  wind  ac4-ompanied  by  rain  and  sleet,  with  a  tempera- 
ture of  30'.  As  we  descended  the  rain  increased.  Wo  marched  in  single 
file  through  the  dripping  beech  brush,  halting  every  few  yards  for  the 

•  ll  wa.1  liiTt;  thnt  Lho  serrices  of  ntir  laillan  guide  came  In  play.  One  oC  tbo  prospectors 
with  iLs  hail  lliree  yean  l>Frore  camped  at  this  very  spot  trltb  Ibrce  otber  men  and  had 
triodfor  awevkto  flnJ  some  means  of  scoUiiK  iliu  rocky  waLlirhicli  Imrrod  their  way. 
Ttiey  vnte  used  lotho  mouaioliu,  but  were  oUllinHl  lo  {five  up  and  retrace  their  Hteps- 

t  -'  .\iig.  aa.  Ah  I  led  the  pack-lraln  out  (hlH  muming  I  Cult  extremely  anilouB  an  there 
were  sBveral  places  on  the  (rail  whore  a  mlsMep  meant  iH.Ttain  d™tb.  At  the  north  end  of 
thn  lake  thu  trail  zlg-zaKH  up  a  very  steep  grasny  slope  tor  !M0  feet  and  tlien  over 
Uiose  Bll<l«-rock  — talus  — (or  l,10i>  feet  higher  to  the  cut-walls,  which  loom  up  M.OOO  feet 
above  the  sllile-roek.  The  trail  now  follows  narrow  ledges  straight  Cor  the  gap,  which  In 
on  the  same  level  and  SOO  yards  west.  At  one  place  we  climbed  a  narrow  and  verj' st«ep  rock 
Bfteen  feet  high,  iu  which  we  had  to  cut  steps.  We  led  our  most  troublesome  aaimals  over 
this.  My  feelings  were  lndescril>able  wlien  I  started  up  this  rock,  not  knowing  what  the  horse 
wouldjdo.  The  ledge  was  about  elRhteen  inthes  wide,  the  upside  wall  sloping  back.  On 
the  lower  slJu  was  a  fall  of  1,900  feet.''  — From  Ueut,  Abem's  otBclal  report. 
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axemeu  to  cut  a  trail.  Sometimes  we  could  travel  for  a  few  rods  in  the 
bed  of  the  stream.  Then  obstructions  in  the  form  of  cascades  or  huge 
rocks  would  compel  us  to  cut  a  path  up  the  steep  banks  and  pursue  our 
course  along  the  sloping  sides  of  the  valley.  The  descent  grew  con- 
stantly steeper  and  our  progress  correspondingly  difficult  and  slow.  For 
four  hours  we  toiled  along  in  this  fashion,  every  hundred  yards  in  ad- 
vance bringing  us  to  greater  difficulties.  At  last,  wet  to  the  skin,  our 
teeth  chattering  with  cold,  and  thoroughly  worn  out,  we  cleared  a  place 
large  enough  to  put  up  our  tents  and  went  into  camp.  What  a  luxury  a 
fire  is  under  such  circumstances!  We  had  eaten  an  early  breakfast  at 
the  foot  of  the  lake  on  the  other  side.  Sinc^  that  time  we  had  been 
working  incessantly,  most  of  the  time  in  a  pouring  rain,  until  five  o'clock 
in  the  afternoon  found  us  in  the  condition  described,  two  and  a  half 
miles  down  the  Pacific  slope  in  a  dense  tangle  of  fallen  logs,  thickly 
overgrown  with  brush.  We  had  our  supper,  warmed  ourselves,  and 
were  fairly  comfortable  in  a  couple  of  hours,  but  there  was  nothing  for 
the  horses  to  eat  and  we  were  obliged  to  tie  them  to  the  trees  for  the 
night.  The  next  morning  they  were  taken  back  a  mile  on  the  trail  to 
the  last  grass  we  passed,  where  they  were  pastured  for  a  couple  of  days 
while  the  men  cut  a  trail  two  miles  to  the  more  open  country  in  the  val- 
ley below. 

A  »ide  trip. —  Leaving  the  main  party  here  to  rest  for  a  few  days,  Lieut. 
Ahem  and  myself  with  the  prospector,  Lewis  Meyer,  made  a  four  days' 
trip  up  MacDonald's  Creek  and  over  the  divide  to  the  headwaters  of  a 
branch  of  the  East  Kootanie.  Our  purpose  was  to  examine  the  large 
glacier  described  in  another  portion  of  this  paper.  The  route  lay  a(*ross 
a  succession  of  ridges,  ranging  in  eh^vation  from  51 K)  to  :2,7(K)  feet  above 
their  respective  valleys.  The  lower  slopes  are  densley  wooded  and  fallen 
timber  added  to  the  work  of  climbing.  Tlie  summits  of  all  excei)t  the 
highest  ridges  were  quite  level  grassj'  parks,  with  borders  and  patches  of 
pines.  From  any  of  these  summits  a  magnificent  view  was  to  be  had  of 
the  great  backbone  over  which  we  had  clinil)ed.  Fifty  miles  of  it  t?ould 
be  se(»n  at  once  owing  to  the  great  bend  it  makes  to  the  westward. 

On. our  return  tri])  we  endeavored  to  shorten  our  route  by  taking  a 
short  cut  over  the  summit  of  a  spur  of  the  main  range.  This  took  us  uj) 
8,(.KH)  feet.  A  rapid  descent  of  'J,(XK)  feet  was  then  made,  and  the  first 
part  of  the  cut  off  had  been  successfuly  accouii^lished.  After  a  couple 
of  miles  of  easy  going  we  started  on  another  dcsNnii  of  2,(H>)  feet  into  the 
vallej'  of  Miu;Donald*s  Greek.  We foinid  the  descent  extremely  dilflcult. 
It  was  so  .steep  that  we  kept  our  feet  with  diiliciilty.  Impassible  ledges 
were  fre(iueutly  in  our  way  and  multitudes  of  fallen  tre(\s  encumbered 
the  less  precipitous  .slopes.  We  were  three  hours  making  the  first 
lialf  mile.  Darkness  came  on  while  we  were  still  three  miles  from  camp 
and  we  spread  our  blankets  on  the  stony  banks  of  the  stream  and  lay 
down  to  wait  for  daylight.    We  had  eaten  the  last  of  our  rations  at  nom, 
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expoctinfc  to  reach  cnmp  tbat  evpainR.  We  Htartet]  on  at  fi  A,  M.,  and  at 
10:31')  rode  into  ranip  and  ordered  diuner. 

We  were  now  not  more  than  el^rht  niilet)  from  the  lante  Kl&(^ier  else- 
where mentioned,  and  I  wa«  ea^er  to  visit  it.  But  travel  in  this  r«inon 
is  indeHcriliablj-  difllcult:  we  liad  tipeut  Tour  dayH  in  the  side  trip  I  have 
just  dewrlhed,  oiir  rations  were  nearly  gone,  and  we  had  yet  nearly  a 
hnndred  miles  to  ito  l>erore  we  oouUl  reach  our  base  of  supplies.  It  was 
therefore  plainly  evident  that  we  must  move  on  aiul  loiive  this  most  at- 
tmetive  region,  in  the  hope  that  at  some  fntnre  time  fortune  may  lie 
more  kind. 

MikI  Creek.  -Our  route  now  was  down  the  valley  of  Mud  Creek  to  the 
north  fork  of  the  Flatbeail.  This  stream,  Mud  Creek,  flows  hetween 
steep  rocky  walls  from  \.7*Xf  to  2.0(0  feet  bitth.  Tliey  Rradunlly  jirow 
less  precipitous  and  the  valley  wiilens  as  we  descend.  The  lower  portion 
of  the  valley  ha-s  l)een  covered  with  a  thic-k  growth  of  pines.  lu  the 
winter  avalanches  sweep  down  the  steep  slopes  on  either  sirle  and  to- 
wardn  the  bottom  carry  ererything  liefore  them;  not  a  stick  or  a  stone 
is  left.  The  debris  thus  aecnmulnteil  is  hurled  into  the  Ix'd  of  tlie  stream 
and  in  some  cases  pei-nianent  dams  have  been  thus  made  and  lakes 
formed.  Some  of  those  have  in  the  lapse  of  time  become  marshes  stretch- 
ing clear  across  the  valley.  These  marshes  are  soft  and  miry  for  pack 
animHls.  hence  the  name  Mud  Creek.  The  existing  lakes  are  half  full  of 
the  slowly  decaying  trunks  of  the  pines  swept  iuUi  them.  .\  great  mass 
nf  trees,  earth,  stones  an<l  snow,  the  remains  of  an  avalanche  of  the  pre- 
vious winter  still  lay  at  the  foot  of  one  of  the  many  wide  swaths  cut 
through  the  piues,  a  silent  but  eloquent  witness  of  the  destroying  work 
of  the  snow. 

Flittheti'l  VnUeij. — The  great  Flathead  valley,  although  deeply  eroded, 
is  not  a  valley  of  erosion,  but  is  a  good  example  of  a  synclinal  vidley.  It 
is  a  deep  trough  between  the  Ro<'ky  Mountain  range  on  the  east  and  the 
high  ranges  to  the  west.  Its  character  will  be  seen  when  it  is  stated 
that  if  a  line  be  measured  from  the  summit  of  the  Rockies  to  the  Flat- 
head valley,  and  another  an  equal  distance  out  to  the  plains  eastward, 
the  elevation  of  the  point  on  the  i>laiiis  will  lie  found  to  be  from  l,i"W  to 
2J»(I0  feet  liighor  than  the  corresponding  \iau\i  in  the  nathcad  valley. 
The  Slime  is  tnic  of  the  gnirt  Colunil)ia-Kootunie  valley  of  British  Co- 
lumbia. Dense  forests  of  pine,  spnice,  hemlock,  etc.,  crowd  the  valley 
of  the  Flathead  anil  those  of  its  tributaries  on  the  east  down  nearly  to 
Flathead  lake.  Here  on  the  pnuriedike  openings  a  few  i-anches  have 
been  established. 

flEOI.IHicrAI,   XOTES. 

Till-  /iliiiim  jhriimliini.-  A  larse  portion  of  the  i«'ds  forming  the  sur- 
face of  this  portion  of  the  plains  T  judged  to  be  Ijurantie.  This  conclu- 
sion is  Imisc'I  only  in\  the  lithological  character  of  tlie  beds,  as  no  fossils 

13— A.  &  L. 
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were  found  at  any  point.*  Beds  which  I  refer  to  the  Laramie  wore  first 
seen  on  Dry  Fork,  a  branch  of  the  Marias  River,  and  they  were  traced 
from  there  all  the  way  to  the  41)th  parallel.  On  the  Two  Medicine,  near 
the  Mission,  the  supposed  Laramie  has  been  cut  through  by  the  stream 
and  black  shales  of  presumably  Cretaceous  a^e  are  exposed.  The  Lara- 
mie has  a  thickness  here  of  about  500  feet.  In  most  of  the  exix)sures 
seen  it  has  a  greenish  color  and  the  beds  consist  of  an  intimate  admix- 
ture of  sand  and  clay  without  the  usual  seams  of  lignite  and  with  fewer 
concretions  than  are  commonly  observed  in  these  beds  in  North  Dakota. 
On  a  bnuich  of  Swift  Current,  near  St.  Mary's  Lakes,  tlie  Laramie  was 
again  seen  close  up  to  the  base  of  the  mountains,  underlain  by  soft 
black  shale,  which  appears  to  be  Benton.  No  tertiarj-  beds  were  seen 
although  they  may  exist  here.  The  beds  later  than  Laramie  were  small 
local  fluviatile  deposits  still  in  process  of  formation. 

The  foot-hills.  —  T\\e  focks  exposed  in  the  foot-hills  seem  to  be  largely 
of  Cretaceous  age,  though  there  are  some  beds  of  limestone  that  can 
hardly  be  so  young  as  Cretaceous. 

Structure  of  the  moHntaivs, —  I  have  already  referred  to  the  precipitous 
charac*ter  of  the  east  base  of  the  mountains.t  This  appearan(!e  is  due 
to  the  structure  of  this  portion  of  the  mountains.  A  fairly  correct  idea 
of  this  structure  may  be  obtained  by  imagining  a  long  fold  to  be  frac- 
tured along  the  anticlinal  axis,  and  the  eastern  half  to  fall  back  to  nearly 
its  original  position,  leaving  the  western  half  of  the  fold  to  stand  at  its 
elevated  position.  The  piano  of  fracture  thus  becomes  the  eastern 
escarpment  of  the  mountains  and  the  foot-hills  are  the  disturbed  edges 
of  the  upper  strata  of  th<»  down-sinking  oastoni  lialf  of  the  original  fold. 
I  suppose  it  is  altogot  lior  mon»  probable  that  tho  oastorn  half  novor  rose 
at  all,  hut  that  tlio  faulting  was  acconiplishrd  by  tli(^  simple^  elevation  of 
tho  western  half.  Tho  eft'eot  is  tho  same  in  eitlier  case.  It  will  be  under- 
stood T  ])resunie  that  tho  ui)liftO(l  western  portion  does  not  present  an 
unbroken  wall  for  hundreds  of  miles  as  might  iKM*ha])s  be  inferred  from 
what  I  have  said.  I  hav(»  s]>oken  of  a  sin^'le  fault;  in  i-eality  there  are 
several,  rouglily  parallel  to  eat'h  other  and  less  so  with  the  general  trend 
of  the  range.  There  havi?  also  been  trausverst*  fractures,  or  else  tho 
streams  have  done  valiant  work  in  cutting  through  tho  rooky  walls  in 
which  their  bofls  are  ina<le.     The  total  result  of  all  the  forces  at  work 


"*■  At  Flirt  Shaw  the  Sun  lliver  runs  ov«^r  shal«*s  contaiiiin;;  fossil  IiKKM'ranii,  iii-autifully 
y)ri'S<'rv('il. 

■♦  (''ai»laiM  Twiiiitijr,  <>f  tli«'  l>r»iuidary  l.'<»nimissi<»n,  si>enkiiic:  of  this  rosrirm.  s^iys:  "  I  }>ad 
bc«^n  led  to  supposo  that  rho  asci'Ut  to  tlie  suinntit  was  a  j^radual  sl«.tiK\  and  was  grt^atlj* 
s»ifnri-.ed  to  fmd  that  the  n>lliiig  prairir  ahutted  ahruptly  a^xaiiist  an  im|»as>al»le  I'soarp- 
nn'ut  of  rocky  prcfipicps  (t  was  found  to  b<Mmi»ossil»le  to  carry  a  continuous  hue  own  so 
far  as  the  crossing:  of  Ww.  Belly  Kivcr,  and  the  thrc<.'  stations  at  this  |u>int  are  connivtcd  by 
traverses:  tlie  connections  between  the  two  final  stations  are  made  by  a  traverse  of  thiriy- 
fivo  miles  thromch  the  South  Kootanie  Tass."    lloi)ort  of  Chief  Astronnmer.  p.  im. 
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hero,  whatover  thej?  were,  is  this:  The  strata  once  rontimions  iinrt  level 
have  ]}eeii  slightlj  flexed  and  brnkea  into  huce  blocks  fi'om  one  to  two 
milen  ill  thiekiiess,  and  five,  ten  or  flfteeii  miles  in  each  of  the  other  di- 
meiii^iou.i.  These  blocks  have  been  heaved  up  to  their  present  position. 
The  moiintainR  thus  formed  have  two  features  iu  cummoii.  The  side 
fauiiif!  tlie  plains  has  been  most  elbvuteii.  Thoy  thus  present  Bteep  walls 
to  tlie  east,  with  lontf  ttentle  slopes  to  the  west.  In  other  respeets  they 
differ.  Some  of  thera,  for  exiimple.  have  not  only'  steep  walls  on  the 
east,  hilt  hImo  on  the  south,  with  a  Rentleslope^i  the  other  two  direc- 
tions. OHiers  reverse  this,  IkaviiiK  north  and  east  facinc  walls,  and 
slopes  on  the  west  and  south.  The  structure  here  outlined  is  marked  in 
the  Wciuity  of  the  51st  puixdlel  by  an  additional  feature.  The  vertical 
displneemcnt  is  reported  by  McConnell  *  as  being  over  l."),0"X)  feet,  mid 
aecompanyint!  this  is  a  horiKoutal  displaeement  or  overthnist  of  from 
two  to  seven  mile.s.  This  latter  feature  may  oeeur  south  of  the  IDth  i>ai-- 
allel.  but  I  saw  no  eviden<;e  of  it. 

SlriiUi  erpimed.- -Tbo  rocks  exposed  in  the  walls  of  the  valley  of  the 
Belly  River  ^ive  a  practieally  continuous  scetlon  of  0,i>00  or  fi,("U  feet  of 
strata.  They  are  all  rather  thin  bedded  and  the  whole  series  seem  to  bo 
perfectly  coiifonnable.  The  lieds  c-oiisLst,  from  below  up,  of  yellowish 
gritty  limestones,  red  sandy  shales  and  sandstones,  and  green  and  black 
shales  with  more  limestones  at  the  toji.  The  colors  are  quite  distinct 
and  Rive  a  bi-oadly  landed  ai)i>earanco  to  the  high  walls  which  form  the 
Hides  of  tills  valley,  making  it  ea.sy  to  trace  the  stra^tigraphic  relations 
as  we  ascended.  The  dip  was  slight  but  towards  the  south  or  away  from 
the  plains,  as  it  is  along  tlie  range  farther  south.  As  we  were  climbing 
somewhat  rapidly  in  the  direction  of  the  dip  we  were  steadily  getting 
higher  in  the  series.  Xo  fossils  were  seen  during  the  trip.  The  sand- 
stones often  showe<l  wind-drift  structure  and  rip|)le-ni«rks  and  the  red 
shales  were  full  of  mud  cracks.  The  black  shales  and  limestones  indi- 
cated deeiier  water.  From  base  to  summit  there  is  an  entire  absence  of 
crystalline  rocks. 

The  rock  es|>osnros  on  the  Pacific  side  were  not  so  numerans.  but 
showed  the  same  order  of  the  same  beils,  the  only  differeuc-e  being  the 
addition  of  several  inteiyaliited  i>eds  of  diorite,  and  the  fact  that  the 
strata  iu  theniuuutains  west  of  the  main  range  have  been  more  strongly 
tohled.  The  disturbance  luWuciuK  this  folding  oecurreil  after  the  in- 
trusion of  the  diorite.  This  is  sbowii  by  the  fact  tluit  the  latter  has 
shared  in  the  foUling  and  has  b<>en  much  fructiireil  iu  the  iirncess. 

Ignenii*  mvkn. —  /.  LriCittion  and  chaiHictfir  of  Oiit<:rop8.  The  outcrops 
of  igneous  rocks  are  on  the  headwaters  of  MacDonnld's  Creek.  The 
first  one  obsen-ed  is  iilmut  two  miles  from  the  sunimit  of  Ahem  Pa-ss 
(see  1  on  map).  The  bed  is  about  fifty  feet  thick,  is  smoothly  intcr- 
bedded  with  tlic  stratified  rocks  of  the  region,  and  is  exposed  for  about 

•Annual  Rei-.rt  (.■iiumiiari  (fi-<.10i,-ii-nl  SunTj".  !.■««.  v,j1.  a,  ii.  ia\i. 
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four  miles  aloug  the  side  of  the  val 
ley.  Five  miles  down  the  \  allev  on 
the  other  side  another  outcrop 
about  Hn  eighth  of  a  milo  long  oc 
cur».  (St'O  2  ou  map )  It  hat  the 
same  thickacss  and  geuerul  ihar 
acter  as  tlio  first  meutiooed 

Theae  two  e\|>osures  are  ou  the 
east  fork  of  NlacDonara  ■*  Creek 
Ou  the  west  fork  of  this  stnam,  at 
its  source,  a  \erj  extensive  expos 
ure  is  found  This%  alley  is  contiii 
uous  with  that  ot  a  stream  flovt-inf; 
in  the  opposite  dirtctlon  a  bninih 
of  the  East  Kootanie 

The  western  uull  of  this  common 
valley  is  line<l  with  a  sheet  of  dio 
rite  (see  3)  from  the  bed  of  the 
stream  up  ton  hcirfit  ofathoHsand 
feet.  The  slope  is  aliout  20°  from 
the  horlKwituI  For  at  least  a  half 
a  mile  this  slopniK  wall  of  rock  has 
been  smiiotheil  and  planed  hj  the 
ice,  and  no  eudiirint(i'>thc  roik  that 
the  Klifiid  polish  still  sho«s  pi  uid\ 
This  bf.l  has  iloiit  tlii  sam(  fhi.k 
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hardened  by  the  heat  and  prwisure.  The  diorite  sheet,  althoui;h  in 
some  expoHures  the  mirface  formation  and  in  others  hundreds  of  feet 
below  the  !jarfao«,  is  nevertheless  foand  at  veiy  nearly  the  same  geologi- 
cal levei  Lu  each  of  the  exposures. 

2.  Petro'jraphiciil  noteg.—  The  petrographical  study  of  this  mass  of 
rock  has  been  made  on  four  specimens,  three  of  which  are  from  the  lo- 
cality marked  1,  where  a  cliff  almost  forty  feet  high  is  capped  by  a  imien 
sandy  shale.  Specimen  1  ia  from  near  the  bottom  of  the  cliff,  perhaps 
thirty  feet  from  the  contact.  Specimen  2  was  taken  from  a  point  about 
twenty  feet,  and  specimen  .1  almut  ton  feet  below  the  contact,  so  that  the 
specimens  show  in  inverse  order  the  gradations  in  characters  of  the 
rock  in  passing  from  the  contact  toward  the  center  of  the  mass.  The 
setiimentary  rock  of  the  cap  is  well  baked.  The  other  specimen  of  the 
eruptive  rock  which  has  been  sectioned  is  from  the  contact  with  shale  at 
locality  3,  and  shows  portions  of  both  rocks  in  the  section. 

Tlio  rock  Ls  all  cases  much  (Jecomposod.  Specimens  I,  2  and  .1  show  a 
steady  decrease  in  the  troarseneiw  of  texture,  the  crystals  in  No.  1  having 
average  dlmeusions  of  from  one  to  two  millimeters,  with  'occasional 
hornblende  crystals  sometimes  attaining  to  a  half  centimeter  in  diam- 
eter. The  crystals  in  No.  2  will  average  about  one-hnlf,  and  those  of 
.  No.  3  about  one-fonrth  these  dimensions. 

.\ll  the  specimens  from  locality  1  have  a  more  or  less  apparent  gran- 
itic stnicture  with  a  tendency  to  porphyritic  development  ol  the  horn- 
blonde.  A  dull  greenish  lustre  so  characteristic  of  rocks  of  this  type  is 
apparent  in  all,  but  somewhat  irregularly  distributetl.  The  lens  reveals 
in  the  coarser  specimens  feldspar,  aiigite.  hornblende,  bla<!k  ore  material 
and  pyrite.  When  the  rock  was  powdered  a  considerable  portion  of  the 
ore  miitcriul  was  strongly  attracted  to  the  magnet,  indicating  magnetite. 
In  addition  to  the  minerals  above  mentioned  the  microscope  reveals  In 
all  sections  ilmcnite,  louco.xene,  quartz,  chlorite,  zoisito,  and  apatite. 
Section  2  contains  well  crystalliKCd  si>heRO  and  section  3  opidote  as  well 

The  more  coarsely  crystalline  of  the  three  shows  in  section  a  plagio- 
claso  which  is  very  much  decomposed  ami  is  nssociatod  with  more  or  less 
micro-iM'gmatite,  Tlii'  nature  of  the  alteration  scorns  to  be  saus- 
BUrltiKation,  Koisite  being  identified  as  one  of  the  pro  lucts  liy  its  moder- 
ately high  iiidcj;  of  refvaittion,  its  parallel  e.xttiictiou  and  low  interference 
colors,  .\Tigite  and  hornblondo  are  present  iu  abont  equal  proiHirtioiis, 
but  the  crystals  of  the  former  are  much  larger  than  those  of  the  latter 
The  hornblende  is  tlie  brown  variety  with  deep  colors.  The  absorption 
is  c  >  b  ">  >  a.  It  is  uhvaj"s  well  outlined  and  sliows  jwrfect  prismatic 
cleavage.  It  is  very  unstable,  the  initial  stages  in  the  alteration  consist- 
ing apiKiroiitly  in  a  change  of  color  to  green,  followed  by  a  decomposi- 
tion to  clilorite.    This  decomposition  has  iu  some  ca-ses  proceeded  so  far 
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as  wholly  to  replace  thc^  orystHi,  in  other  crises  the  clilorite  oeeupios  but 
one  half  of  the  eiystal  or  appears  in  inclosed  areas  within  the  crystal. 
The  (jhlorito  is  strongly  pleochroic  (yellow  to  ^cen),  ami  is  often  radial 
(delessite.)  Both  ]u)rnl)lendo  and  auiLcite  are  fre<piently  twinned.  The 
small  amount  of  (piartz  not  in  the  form  of  micro-pegmatite  may  be  either 
original  or  secondary.  The  bliu'k  ore  m:iterial  shows  in  some  cases  in 
square  sect  ions  and  is  strongly  attracted  to  the  maijnet  in  the  rock  i)owder. 
Yet  many  grains  are  almost  entirely  changed  to  leucoxene,  indicating 
the  presence  of  titanium,  probably  as  ihnenite.  Apatite  is  i)resent  though 
not  in  great  abundance. 

Section  2,  from  a  specimen  taken  at  a  point  about  ten  feet  nearer  the 
contact,  shows  besides  a  more  finely  crystalline  texture  than  section  1, 
certain  differences  in  mineralogical  composition.  It  contains  more 
quartz  than  micro-pegmatite.  The  feldspar  is  more  altered.  Tlie  mag- 
netite shows  a  gi'cater  tendency  to  ajjpear  in  skeleton  growths,  and  well 
crystallized  sphene,  as  well  as  considerable  leu(M)xene  is  present.  As  in 
specimen  1  the  augite  is  but  little  altered,  while  the  hornblende  is  in 
many  cases  much  decomposed  to  chlorite. 

Section  3  shows  very  beautiful  skeleton  forms  of  magnetite,  long  and 
slender  growths  running  entirely  across  the  tiehl  with  a  magnilication  of 
thirty.  Imperfect  parallel  gi-owths  of  browni  hornblende  about  augite 
are  seen  much  as  they  have  been  described  in  the  augite  diorite  from 
Somer\'ille,  Mass.,*  with  which  this  rock  i)resents  many  analogies.  Like 
section  2,  this  section  contains  sphene,  and  epidote  was  made  tnit.  prob- 
ably a  product  of  the  comVnned  alteration  of  tVlds])ar  and  hornblende. 
The  characters  of  this  loek  as  made  out  in  the  tliree  .^eelions  agree  well 
with  those  of  the  cainptonites  of  Kosenbusch. 

In  section  1,  from  the  contact  of  the  ign(M)us  intrusion  with  meta- 
m()ri)liosed  green  shale  (hx'ality  .'>  on  maj)),  the  decomposition  is  too  great 
for  the  section  to  b<»  of  great  interest.  It  can  l)e  seen,  however,  that  the 
feldspar  was  in  lathshaped  (Mystals  with  perfect  outlines,  ririentetl  with- 
out reference  to  one  another.  The  structure  is  (hat  of  a  typical  diabase. 
Between  the  altiuvd  feldspar  laths  is  a  mass  of  decomposition  prochn^ts 
of  a  greenish  ov  dirty  brown  color  in  which  chlcM'ite  is  made  out,  and 
the  mass  is  crosse<l  by  serrated  magnetite  skeletons.  No  distinct  crys- 
tals of.  either  hornblen<le  or  augite  can  be  made  out.  and  it  seems  prob- 
able that  l)oth  hornblende  and  augite  are  entirely  altered. 

In  order  to  form  reliable  conclusions  as  to  the  d«'peu'l«-uc(?  of  the  rock 
characters  on  the  <listancefrom  the  contact,  observations  should  be  made 
on  a  larger numl)er  of  sections  at  several  localities  somewhat  widely  sep- 
arated. The  evidence  obtained  so  far  as  it  goes,  seems  to  be.  (li  that 
there  is  a  gradation  in  texture,  the;  finest  grained  rock  l)eing  nearcjit  the 
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Goutaot;  (2)  that  the  diabase  structltare  ie  restricted  to  portions  of  the 
maw)  which  consolidated  quite  near  the  the  cootact;  (3)  that  nearness 
to  the  contact  measures  the  tendency  of  the  magnetite  to  appear  in 
skeleton /orms;  {i)  that  the  hoimblende  and  aujtito  .show  more  tendency 
to  crystallize  iu  parallel  growths  nearer  the  coBtact. 

In  his  study  of  the  diabase  dykes  of  the  Raioy  Lake  region,*  Dr.  Law- 
son  has  shown  that  in  some  cases  a  iMirjihyritic  structure,  a  diabase 
structure,  and  an  allot riomorphic-Kranu In r  or  granitic  structure  in  turn 
characterize  the  rock  of  a  single  dyke  in  passing  from  the  contact  toward 
the  center  of  the  dyke.  The  conditions  of  consolidation  of  the  rocks 
here  studied  have  not  been  such  as  to  give  rise  to  the  formation  of  a 
porphyrite,  hut  with  that  exception  the  observations  are  quite  similar, 

EXISTING  GLACIERS. 

At  the  close  of  his  interesting  paper  on  this  subject,  Mr.  I.  C.  Russellt 
writes  as  follows:  "  Existing  glaciers  wore  discovered  by  Prof.  Pumpeily 
during  the  progress  of  the  Tmnseoutiuental  Survey,  at  the  head  of  the 
Flathead  River  in  northern  Montana.  No  scientific  account  of  these  ob- 
servations has  yet  been  published;  but  I  am  informed  by  Prof.  Pumpeily 
that  two  glaciers  were  seen  in  the  mountains  in  which  the  East  Fork 
of  the  Flathead  rises  at  an  elevation  of  about  7,000  feet.  It  was  obsen'ed 
that  the  glaciers  broke  off  suddenly  at  the  summit  of  precipices  2,000  feet 
high  and  that  the  waters  flowing  from  beneath  the  ice  bad  the  milky 
color  characteristic  of  glacial  streams.  The  monutaiun  in  which  these 
glaciers  were  discovered  e.vteuded  northward  into  British  America,  and 
are  supposed  to  reach  their  greatest  elevation  north  of  the  boundary.  It 
seems  safe  to  predict  that  when  this  little  known  region  is  more  fully 
e.xplored  a<lditioual  glaciers  will  be  found  about  the  peaks  known  as  the 
Crows  and  Mountain  Head."  I  am  unattle  to  determine  from  this  ac- 
count just  where  the  glaciers  seen  by  Prof.  Pumpeily  are.  Two  glaciers 
answt'ringalmostiierfectly  to  thodescriptiou  here  given  arc  i)lauily  visible 
from  the  crest  of  the  Milk  lUver  ridge,  and  from  very  many  points  on  and 
near  the  International  Boundary.  These  glaciers,  however,  are  on  the 
head  waters  of  the  Belly  River,  a  fact  which  could  not  escape  Prof.  I'um- 
pelly's  notic*  hail  he  come  nenrenough  to  seethe  milky  color  of  the  water. 
He  wouldalso  have  seen  that  there  were  fonr  instead  of  two  glaeiersjhence 
I  conclude  that  these  arc  not  the  ones  referred  to  by  faim.^  Small  gla- 
ciers arc  numerous  in  all  the  higher  mountains  within  twenty  or  thirty 

•  I'^tixif.'raiiliicin  DllTt^renlinlion  ur  certain  l>yk«i  i>r  th»  Kuiuy  Lnke  rvgion:  Am.  Orol., 
Uarvli.  IKII. 

t  Exlstinn:  niHcium  of  the  UulCi-d  Stai«<:  .lili  Aun.  Rtfjiort  U.  K.  CmluKical  Siirvt>y,  p.  SIT. 

t»iDc«  lliealuvc  wils  wrilU-n  I  havt^H^i  Vrot.  r<im]>eJlyuiirl  flaillliiit  Itivn-Biua  n:fcrred 
tit  n  DurthwcKt  of  tlir  Cut  Bank  Pasii.  lutween  Mai-Uuiialil'-i  Creek  out!  Ilie  amia  ilirldu  o( 
the  Buuky  Mimiiialnii.    it  si-cin*  Mitlivly  probabli;  tluit  iIiIh  ulnciw  I*  in  tlii>  same  inountalQ 
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miles  of  the  boundary,  but  are  more  numerous  and  larger  on  the  north 
slope  of  the  portion  of  the  range  which  bends  to  the  west,  and  especially 
on  a  spur  or  branch  of  the  main  range  nearly  parallel  with  this  same  por- 
tion of  it  and  some  miles  farther  south.  Judging  from  what  I  saw  I  pre- 
sume there  are  twenty  or  thirty  glaciers  in  this  region.  Several  termina- 
ted at  the  crest  of  high  precipices  with  falls  varying  from  ;100  to  2,500 
feet.  The  thunderous  roar  produced  by  these  ice  falls  is  uulike  auy  other 
sound  I  have  ever  heard.  The  nearest  approach  to  it  is  that  of  distant 
thunder.  In  each  of  the  cases  of  this  kind  observed  save  oue  the  ice  did 
not  again  accumulate  at  the  foot  of  the  fall,  but  melted  as  soon  as  it 
reached  the  lower  level.  In  the  single  exception  noted  the  fall  was 
probably  not  over  500  feet  and  the  direct  rays  of  the  sun  did  not  fall 
upon  the  ice,  which  accumulated  and  moved  on  dowu  the  lower  slope 
pushing  its  moraine  ahead  of  it.  Oue  fair  sized  glacier  ou  Quartz  Creek 
extends  dowu  into  the  bed  of  a  little  lake  which  it  supplies.  Most  of 
the  glaciers  were  wider  than  long,  their  length  beiug  apparently  deter- 
mined by  the  shadow  of  the  parent  mountain. 

The  Mt.  Dana  glacier,  described  and  illustrated  by  Mr.  Russell  *  is  a 
good  tyi>e  of  the  average  glacier  in  this  region.  '  One  somewhat  larger 
than  that  glacier  was  made  the  object  of  our  only  side  trip  for  any  such 
purpose.  It  lies  in  a  small  amphitheatre  at  the  head  watei's  of  the  East 
Kootanie  near  the  lUth  meridian,  about  fifteen  miles  from  the  bound- 
ary. Its  width  is  about  two  miles  and  its  length  one  and  a  half. 
Although  it  is  on  the  northeast  side  of  the  mountains  a  large  part  of  its 
surface  is  exposed  to  the  sun's  rays  fnlly  two-thirds  of  the  day.  Its  sur- 
fa(^e  is  romarkaijly  smooth  and  free*  from  orevassos.  Its  front  is  oval, 
like  an  invortod  wash-bowl,  and  it  is  so  steep  that  it  can  Ix*  ascende«l  at 
only  one  or  two  points.  TIr*  thickness  of  the  ice  a  few  hundred  feet 
from  the  edi^e  was  estimated  at  from  *J.'>0  to  5(K)  fe<»t.  On  irainin^'  the 
summit  of  tlie  ^bicier  it  was  found  to  str(»tch  away  smooth  and  nearly 
lev(*l  to  the  adjoining'  mountain.  Patches  of  nioraiuic  supplies  and 
scattered  bowlders  wen?  s(?en  here  an<l  there  on  the  front  lialf.  There 
was  no  dust  upon  the  surface,  nor  were  there  any  dirt  baiuls  in  the  ice. 
The  termintd  moraine  of  this  jrlacier  is  (luite  imposinir.  Ai)proachintr 
its  Iiit,diest  part  from  without,  one  must  (^limb  liM)  feet  to  reach  the  sum- 
mit; from  there  down  to  the  eltre  of  the  [cl\  f«)rty  feet  at  the  time  of  my 
visit.  This  was  not,  however,  the  bottom  of  the  moraine.  It  varies  at 
other  i>oints  dowu  to  perhaps  lifteeu  feet  in  heiirlit.  Its  h'Uirtli  is  fully 
two  and  one-half  miles.  an<l  it  varies  in  width  from  I5n  to  \()*>  feet.  It  is 
compt^sed  wholly  of  somewhat  subantrular  stones,  vary in^r  in  si/e  fnmi 
tiny  bits  up  to  Innre  blocks  weii,'hinir  forty  or  fifty  tons.  Six  paralhd 
ridges  of  rock-fra4,nn<Mits  on  the  inner  slo])e  of  the  central  portion  of  the 
moraiuf*  indicatcl  as  manv  successive  advances  auil   retreats  of  the  ice. 
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Whether  those  advances  and  retreats  were  aunual  I  could  not  tell.  We 
camped  Cor  the  niKbt  near  the  banks  of  one  of  the  milky  streams  flow- 
ing from  the  ice.  and  found  in  the  momiug  that  the  volume  of  the 
stream  had  fallen  off  about  one-third,  and  the  water  was  much  clearer. 
I  concluded  therefore  that  not  only  the  meltin);,  but  the  motion  also  of 
this  glacier  depends  largely  on  the  heat  of  the  sun.  The  slope  oa  which 
it  lies  is  quite  gentle.  A  few  miles  down  the  valley  an  older  moraine, 
some  four  miles  in  length  but  much  lower  than  the  present  moraine,  iu- 
dicates  a  stage  in  the  recession  of  the  large  glacier  of  which  the  present 
is  the  shrunken  remnant  ouly.  The  glacier  just  described  waa  the 
largest  seen  close  at  hand.  Indeed  only  one  vaa  seen  in  tho  whole 
region  that  was  larger.  Thin,  if  it  he  a  true  glacier,  is  much  the  largest 
in  the  United  States,  exclusive  of  Alaska.*  We  saw  it  from  many  puint-i, 
at  distances  varying  from  eight  to  twenty  miles.  It  lies  in  a  horse  shoe 
shaped  basiu  or  valley  at  an  elevation  of  about  ",000  foot  and  covers,  as 
near  as  I  could  estimate,  an  area  about  four  by  six  miles  iu  e.vtent.  We 
passed  half  way  around  it  but  did  not  And  the  stream  that  miLst  flow 
away  from  it,  unless  a  somewhat  remarkable  branch  of  the  Belly  River 
has  its  source  there.  This  stream  flows  out  from  the  foot  of  a  precipi- 
tous wall,  fully  2,0<X)  feet  high,  forming  the  northea-st  face  of  the  conti- 
nental divide.  The  rocky  wajl  has  not  a  llssure  iu  its  face  from  top  to 
bottom.  The  ice  field  lies  ou  the  opposite  side  of  the  rirlge  fully  ten 
miles  away  aud  '2,111)  feet  above  the  point  where  the  stream  comes  forth. 
The  latter  has  the  milky  character  cummou  to  glacial  streams  and  flows 
from  the  direction  of  the  large  ice  field.  The  strata  dip  from  the  ice 
"Held  iu  the  direction  of  the  stream.  Further  evidence  of  its  relation- 
ship must  await  future  investigation. 


Westi'rii  htirtler  of  tlrift.  -So  far  as  my  ot)ser\'ations  extended  the 
portion  of  the  plains  traversed  by  us  Ls  entirely  devoid  of  drift  material, 
with  exceptions  hereafter  noted.  Dr.  G.  M.  I>awsou,+  iu  a  journey  from 
Fort  Benttui  ou  the  Missoui-i,  to  Fort  Mcl^eod,  British  Columbia,  found 
howlilei's  all  tile  way.  As  his  route  was  some  sixty  or  more  niiles  eai^  of 
mine,  it  would  seem  that  tlie  western  limit  of  drift  material  lies  Iwtweeii 
these  two  route.s,  and  as  Dr,  Dawsou  found  undoubted  Laurcutiau 
emitics  at  or  near  the  113th  meridian  un  the  iuteniational  boundary', 
it  is  likely  that  the  western  limit  of  drift  fur  KX)  miles  south  of  the 
bouudiuy  is  somewhere  from  fiirty  to  fifty  miles  east  of  the  l>a,se  of  tho 
mountaitis. 

id-  toiiijWK  of  tin:  riiiitcrii  slojie  of  Uocl.ji  ,lfo"n(i(i'H«.--Several  ice 
tongues  have  at  some  time  descended  from  the  range  un  the  west  and 

•Tliul-iratliiniir  tlii>lHi';:t'L-livl''t' h-bh  tn  xnnK- wny  Ipfl  ••ucfnHii  th<^  uri^iual  inap     Itit 
liKiitiiiii  I'D  I  III-  |ii'>>>wiii  iim[i  isuDly  a  Kiu-SdiU  tlii.>  •.■■irrii.'t  |ilar>'. 
*  Ke[".Tt  ..f  l'r..i:iv«  ..f  O.'ul.  Siin-.-y  of  Conivlit.  IS*(  ••<,  ii.  IKV. 
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have  plowed  their  way  nearly  at  riglit  aiij?les  to  the  ranges  and  couse- 
(juently  directlj'  in  the  face  of  the  great  L.aureutiau  ice  sheet  for  many 
miles  out  on  to  the  plains.  The  trough-shaped  depressions  made  by 
tliese  alpine  glaciers  are  now  sometimes  occupied  by  small  lakes  walled 
in  on  all  sides  except  towards  the  mountains  by  the  old  moraine.  Some- 
times the  water  has  cut  through  the  moniinic  walls  and  comj)letely 
drained  the  lake.  In  such  cases  it  usually  happens  that  the  swaying  of 
the  stream  from  side  to  side  has  cut  away  the  whole  front  portion  of 
the  moraine,  leaving  two  long  parallel  ridges  on  either  side  extend- 
ing back  along  the  course  of  the  stream  to  the  mountains.  In  still 
other  cases  the  troughs  once  occupied  by  the  ice  are  dry  an<l  empty. 
Measured  on  the  plains  these  ice  tongues  varied  from  fh  e  to  forty  miles 
in  length  and  from  half  a  mile  to  five  miles  or  more  in  widtli.  Of  their 
mountain  extensions  I  shall  speak  later.  Their  thickness  can  in  some 
cases  be  inferred  from  the  ai)pearan(;e  of  the  moraines.  Tliese  are  much 
higher  on  the  ice  side  than  on  the  outer  or  phiins  side,  as  would  be  ex- 
pected, sinc4?  the  ice  came  down  upon  the  soft  Laramie  beds  at  a  steep 
angle.  The  ghicier  which  plowed  out  the  beds  of  St.  Mary's  Lakes  was 
the  liu'gest  of  all  in  this  reirion  and  must  have  been  of  no  mean  i)ropor- 
tions.  These  lakes,  two  in  luimber,  lie  at  nearly  the  same  level,  the  one 
just  outside  the  narrow  belt  of  foot-hills,  the  other  extending  through 
the  foot-hills  reaches  tin*  verj-  base  of  the  mountains.  The  lower  lake 
is  about  live  miles  long  and  two  wide;  the  upper  is  Si'veu  or  eight  miles 
long,  ))ut  not  more  than  two  miles  wide.  The  stream  discharging  them 
is  ]">()  ff?ot  wide,  thi-ee  feet  deep,  and  vt^-y  swift.  Fn)ni  our  cam])  at  the 
foot  of  the  lower  hike  tip'  stream  sccmumI  to  liave  cut  through  a  muranic 
wall  about  oOn  t'eot  high  a  tV'W  huiidr«'d  van  is  Ix^low  tli<»  toot  (jf  the  lake. 
I  found,  however,  on  cliinbiiiir  uj)  thi-^  slope  (hat  the  i("e  had  riddi'U  ovor 
the  seeming  wall,  which  was  not  a  nif»raine  at  all.  hut  a  terrace  marking 
th(?  d«'pth  of  j»ost-irl}icial  tTosiou  t)l'  the  Mream.  Th«'  toiH>grapliy  of  tliis 
upper  lovcl  was  uuniistak;ii)ly  that  of  a  ground  m<^raiiie.  yet  there  was 
something  unfamiliar  al)oul  it  which  I  wa>  at  lirst  iniahle  to  iuter])ret. 
There  an*  tluve  glncial  Iake>,  on  this  terriiee.  tuie  a  mile  in  diameter,  and 
the  wliole  region  sliow«.'d  innnistakal)le  evidence  of  having  lu-en  covere<l 
with  Walter  since  the  retreat  of  the  ice.  On  the  sides  if  tlie  Milk  lliver 
ridge,  wliich  forms  the  en^tern  walls  of  St.  Mary's  valley,  terraces,  a 
dozen  or  more,  extend  up  to  a  liei^^ht  <.)f  at  least  .S<H)  iV't^t  jihove  the  pres- 
«'nt  level  of  the  lakes.  These,  with  the  p(vuliar  outline  given  to  the 
knobs  and  hills,  constitute  tlie  unfamiliar  features  sjioken  of.  I  fol- 
lowed down  the  valley  live  miles  or  more. hut  saw  no  signs  of  a  terminal 
moraine  or  barrier  ridge  of  any  sor(  that  couM  have  Iield  tlie  waters  at 
snch  a  level  as  i>,  indicateil  by  the  terraces.  1  cou('lu<ied.  therefore,  to 
a<lopt  tentatively  the  hy]n>th<*sis  that  tla.'  Laurent ian  ice  sheet  was 
the    barrier:  that    it    had  s<Mit  a  tongue  up   the  St.   Mary's   valley   far 
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enongh  to  pond  liack  the  waters  and  form  the  luke  whose  terraces  I  bad 
seen.  The  southern  extension  of  this  lake  was  the  steep-walled  Qord- 
like  valley  of  the  upper  St.  Mary's  Lake,  Ou  the  east  the  water  was 
bold  ill  by  the  Milk  River  ridge;  on  the  west  by  the  mounttuns.  How 
far  north  it  extended  would  depend  ou  the  position  of  the  hypothetical 
ice  barrier.  Lack  of  time  prevented  further  investigation  of  this  region. 
Ice  recordg  icest  of  iiutin  range. —  .\fter  crosaingthe  cjintiuental  divide 
the  valleys  on  the  western  slope  were  found  to  give  evidence  of  heavy 
glaciation.  Planed  snrfaces  and  trains  of  bowlders  were  common  but 
were  eonflued  tu  the  valleys.  Bowlders  of  undoubted  glacial  origin  were 
found  at  an  altitude  of  7,2.'iO  feet. 


In  piwisiug  up  along  the  ea.stem  flank  of  the  Rockies,  as  we  came  near 
enough  to  them  to  Iwgin  to  encounter  the  moraiues  of  tlie  ice-atrenma 
spoken  of  in  a  prerious  pai-agraph.  certain  crystalline  bowlders  wore  oc- 
ca.'^ioually  observed.  On  examination  they  proved  to  bo  a  rather  flne- 
grainod  <Uorite. 

As  we  moved  up  the  valley  of  the  Cut-Bank  these  Ixiwlders  grew  quite 
numerous. 

In  the  trip  to  the  summit  of  Cut-Bank  Pass  it  was  confidently  ex- 
pected that  the  outrjop  of  this  diorite  would  bo  fouud.  However,  al- 
though the  bowlders  were  to  bo  seen  all  the  wny,  the  rocks  in  place 
seemed  to  be  wholly  of  sedimentary  origin  and  were  very  little  if  at  all 
metamorphosed.*  The  failure  to  And  the  igneous  rock  was  accounted 
for  by  supposing  that  It  might  now  be  hidden  by  debris  from  the  cliffs 
above  it.  A  second  ascent  was  made  up  the  Swift  Current  with  no  better 
results  BO  far  as  finding  the  diorite  was  concerned.  This  valley  is  twenty 
miles  from  that  of  theCut-Bauk  and  there  is  no  communication  between 
them;  but  diorite  bowlders  occur  in  this  valley  also. 

Tlie  third  ascent  was  by  way  of  Belly  River.  As  before  stated,  the  bare 
wails  of  this  valley  afFortl  no  biding  place  for  beds  of  any  prominence 
whatever.  The  exposure  is  peactically  continuous  for  fifteen  mOes  from 
the  summit.  No  diorite  or  other  eruptive  or  crystalline  rock  occurs  in  place 
in  this  valley.  At  the  head  of  this  river  on  the  summit  of  Ahern  Pass,  at 
an  altitude  of  7,2.")0  feet,  bowlders  of  the  diorite,  some  of  them  glaciated, 
were  quite  ulmndant. 

Some  ten  or  twelve  hundred  feet  Iwlow  the  summit,  on  the  Pacific 
slope,  a  mile  and  a  half  from  the  pass,  the  diorite  was  found  in  place. 
The  exposure  is  four  miles  in  length.  It  occurs  on  both  sides  of  the  val- 
ley, which  is  fully  a  mile  wide. 

•  [iH.ritf  tiowlilei's  vcn-  wen  howtvw  wliUiii  HiW  r«t  of  ttie  sHttimil,  at  T.iKW  ftet  eteva. 
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There  are  many  other  exposures  on  the  upper  waters  of  McDonakVs 
Creek,  where  the  diorito  is  the  surface  formation  and  is  strongly  glaciated. 
On  the  divide  between  the  East  Kootanie  and  McDonald's  Creek,  the  slop- 
ing west  wall  of  the  common  valley  is  a  bed  of  this  diorite.  It  has  been 
planed  and  smoothed  for  a  thousand  feet  from  the  bottom  of  the  valley 
by  the  ice  stream  that  once  flowed  through  this  gap. 

In  brief,  then,  the  evidence  is  this: 

1.  Trains  of  diorite  bowlders  wore  traced  from  the  plains  cast  of  the 
mountains  up  to  the  axis  of  the  range,  along  three  lines  widely  separated 
from  each  other. 

2.  Xo  outcrops  of  diorite  could  be  found  on  the  eastern  slope  on  any 
of  these  lines. 

3.  Extensive,  heavily  glaciated  outcrops  occur  on  the  western  slope 
1,000  feet  below  the  summit  of  Ahem  Pass. 

i.  On  the  Belly  River  line,  the  bowlder  train  was  followed  over  the 
summit  of  Ahem  Pass,  down  the  western  slope  to  the  parent  ledge. 

From  these  facts,  then,  it  seems  clear  that  the  ice-tongues  which  crept 
down  the  valleys  on  the  east  slope  of  the  Rockies,  and  plowed  their  way 
out  some  miles  beyond  the  foot-hills,  did  not  originate  on  the  east  side 
of  the  range;  but  were  pushed  up  over  the  continental  divide  through 
the  gaps  and  passes  mentioned,  and  probably  th^'ougli  otliers  not  yet 
examined,  by  some  force  from  the  west.  What  that  force  was,  admits  of 
but  little  question.  That  it  was  an  ice  sheet  of  some  vigor  is  obvious. 
That  it  was  separate  an<l  distinct  from  the  Laurent iaii  ice  sheet,  at  least 
to  higli  latitudes,  is  equally  clear.  Dr.  Dawsoii  has  broui^ht  forward 
evidence*  to  show  that  a  groat  i(»e  sheet  wliieh  lu»  has  calU'd  the  Cordil- 
leran  <  Jlaoier  once  ocvtqued  the  rejjion  betwtMMi  the  Coast  Raiitre  and 
the  Rocky  Mountains  in  British  Columbia,  and  later  \w  has  found  t'vi- 
dence+  that  the  ice  ran  through  the  gaps  in  the  Coast  Range  and  ilown 
to  the  sea. 

President  (^haiiil)erlin  *  has  shown  that  tlie  ice  extended  southwest  to 
the  vicinity  of  Lake  IVnd  d'  Oreille.  Maho.  Mr.  Bailey  i?  Willis  has 
1*(jund  similar  evi<lenees  in  Washington.  Neither  of  those  ol)sorvors. 
however,  connect  the  ieo  records  se«Mi  by  thoni  with  the  Cordilleran 
(Ilfi.cier. 

From  such  observations  as  I  was  ahlo  to  make,  it  is  my  impn^ssion  that 
the  ice  ran  in  the  valleys,  in  sti'eains  whoso  c()nrs<\s  \voi*e  determined 
partly  by  the  source  but  mainly  by  tln^  mo'intaiu  topography.  The  re- 
gion lying  between  the  main  range  on  the  east,  the  l\ocky  ^lountains 
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proper,  and  the  Cascade  range  is  very  moimtainoiiH.  The  ranges  are 
broken  and  irregular.  Short  spurs  and  rjdgee  trending  in  various  direc- 
tions give  rise  to  a  net-work  of  valleys.  Through  thia  labyrinth  the 
ice-streams  made  their  way.  Some  of  them  found  more  or  less  direct 
passage  into  the  great  Flathead  valley  and  there  died  a  natural  death. 
Others  were  caught  by  the  transverse  apura  and  carried  up  over  the  main 
range  from  whence  they  descended  to  the  plains  on  the  east. 

The  tendency  toward  a  southerly  movement  may  indicate  a  northern 
origin  for  the  ice.  It  is  evident,  however,  that  local  supply  would  be 
abundant,  if,  indeed,  it  might  not  be  sufficient  to  account  for  all  the 
glaciation  observed. 

Madison,  Wisconsin,  Deceml>er  20, 1891. 
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ON  A  NEW  OCCURRENCE  OF  OLIVINE  DIABASE  IN 
MINNEHAHA  COUNTY,  SOUTH  DAKOTA. 


By  G.  E.  culver  and  Wai.  II.  HOBBS.* 

Fiehl  Notes.-  The  rock  considered  in  this  paper  occurs  in  the  south- 
eastern part  of  South  Dakota,  in  Minnehaha  county.  Tlio  country  rock 
is  the  Sioux  Quartzite,  larj^e  outcrops  of  which  occur  tlirou^hout  this 
and  adjoiniuj^  (tounties. 

The  quartzite  lies  in  gentle  folds  with  axes  approximately  east  and 
west.    In  the  vicinity  of  the  diabase  the  dip  is  to  the  south  at  an  angle 
of  8*  the  outcrop  being  on  the  north  of  the  diabase. 
-    The  surface  of  the  latter  lies  somewhat  below  the  general  level  of  the 
district,  in  the  valley  of  one  of  the  small  tributaries  of  the  Big  Sioux. 

Tlie  stream  htis  i*ut  a  trench  twenty-live  or  thii-ty  feet  deep  anrl  a  mile 
in  length  dire(jtly  through  the  diabase.  Whether  tliis  represents  the 
width  or  the  length  of  the  ma,ss  it  is  impossible  to  say,  there  being  no 
other  exposures. 

No  actual  contact  with  the  quaHzite  could  be  found, but  fronitlie  fact 
that  undisturl)iHl  bcfls  of  the  latter  occur  vorv  near  tlu*  dial>ase,  it  niav 
be  inferred  that  the  latter  is  oldr*r  than  the  (luartzito.  and  may  have 
been  an  island  in  the  soa  in  wliich  th»'  ([uart/ite  was  doi)osited. 

On  the  other  hand  the  diabase  gives  no  indication  of  liaving  been 
poured  out  upon  the  surface.  Not  only  is  it  coniplc^tely  crystalline  l>ut 
the  size  of  tlio  crystals  indicates  sh)w  cooling.  Tht^  only  way  in  which  it 
seems  i)ossible  to  harmonize  tli(^se  facts  i.>^  to  sui)i>ose  that  the  ancient 
rock  witli  which  the  diabase  was  on(re  covered  had  been  entiri'ly  removed 
before  the  disposition  of  the  (luartzite.  Such  a  sup])ositl(m  nnist  rest  on 
very  insutlhMruit  data  at  present  howevc^r. 

Xo  other  eruptive  rock  occurs  in  either  Dakota  out-^i*!!'  of  the  Hlack 
Hills,  .'J(H)  miles  away,  but  sr)m(*  seventy  or  eighty  miles  northeast  of  this 
locality,  in  the  Minnesota  valley,  there  are  many  outcroj^s  of  eruptives 
in  the  gneisses  and  otlier  ancient  rocks  of  that  region.  In  order  to  com- 
pare the  South  Dakota  diabase  with  tliese  rocks,  the  best  exposun^s  in 
the  neighborhood  of  (Granite  Falls.  Minnesota,  were  visited  and  si>eci- 
mens  collecte<l  rei)resenting  a  dozen  or  more  varieties.  Macroscopically, 
none  of  these  bore  verv  closo  n^semblance  to  the  Soutli  Dakota  diabase. 


■  rit'lil  iiule.s  by  (J.  K.  (.'iihor  and  i>otr«>^raj)]iic;'.l  n«»tes  by  Win.  H.  llnl.ihs. 
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Unfortunately  the  specimens  were  lost  l>eforc  sections  had  been  made 
from  them  so  that  the  comparison  wan  not  carrted  to  I'ompletiou. 

Pei-haixs  the  unutt  prominent  Aeld  characteriHtin  of  thif>  rock  is  the 
profound  decomposition  it  has  suffered.  How  miiuh  of  it  has  beun  re- 
moved by  erosion  It  in  impossible  to  say,  but  the  whole  exposure  from 
its  upper  surface  down  to  the  bed  of  the  stream,  a  distance  qf  twenty  to 
twenty-five  feet,  aeems  to  be  thorouRhly  (lisiuteKratL'd.  It  apparently 
maintains  its  vertical  positiou  only  by  the  support  ot  a  net-work  of  thin 
quarts  veins  which  mmify  tlu-ou^h  it  in  all  <lirections. 

The  decomposition  has  hrousht  out  a  set  of  linos  indicating  a  horizon- 
tal movement  in  the  fluid  mass.  Parallel  with  these  apparent  flowago 
lines,  a  layer  of  bowldtrs  of  docompositiou,  well  rounded,  but  still  m 
silii,  extends  for  some  distance  along  the  bank  of  the  stream.  The  rock 
below  this  layer  of  bowlders  is  as  much  decomposed  as  the  npi>er  por- 
tion. The  limit  of  decomposition  seems  to  Iw  marked  by  the  position  of 
the  stream.    The  rock  in  its  bed  is  Arm  and  apparently  unaltered. 

Just  below  the  lower  end  of  the  diabase  exposure,  an  excavation  was 
made-  to  determine  if  p~ssible  the  relations  of  the  diabase  to  a  bed  of 
siliceous  flour  which  occurs  there.  (Another  l>ed  of  this  material  occurs 
about  a  mile  farther  down  the  creek  resting  ou  the  qnartitite.) 

About  two  feet  below  the  Biirfaco  a  layer  --not  continuous  — of  steatite 
about  two  inches  thick  wa.-^  encountered.  Imme^liately  below  this 
stcatitic  layer  was  a  stratum  of  the  same  material  coutaiuiuj^  hard  fraf;- 
ments  np  to  a  quarter  of  an  inch  in  diameter.  Whether  these  were  frag- 
ments of  sound  diabase,  or  pieces  of  the  quarta  veins  was  not  detenuined. 
Below  this  the  rock  became  Rrattuallj-  more  firm  so  that  at  a  depth  of 
six  inches  a  pick  could  lie  driven  i^to  it  with  difflculty. 

It  does  uot  appear  that  the  extensive  decomi>osition  of  this  rock  is  due 
to  any  inherent  tendency  in  that  direction,  but  rather  to  the  peculiar 
circumstances  of  its  history. 

In  the  warmer  and  moister  portion  of  our  country  south  of  the  irlaci- 
ated  area--in  fact,  in  any  u 'glaciated  rejij'ion  where  ancient  crystallino 
rocks    oct^ir,  extensive  and  profounrl  decomposition  very  commonly 

This  rock,  however,  is  in  the  more  arid  portion  of  the  glaciated  area. 
The  surface  of  the  ad,jacent  qnartzite  is  planed  and  scratched  after  the 
orthodox  glacial  fashion. 

Within  half  a  mile  of  the  diabase  outcrop,  on  a  tabular  surface  of 
qnartzite.  two  distincrt  sets  of  stria'  occur.  One  set  runs  8.  "20  E.  and 
the  other  S.  Tiit'  E.,  indicating  at  least  two  ice  nioveuicuts. 

These  visitations  of  the  ice  must  liave  swept  off  all  previously  decom- 
posed materinl  from  the  diabase,  so  that  the  present  uccumuhttion  is  in 
some  degree  a  measure  of  the  work  of  the  destrutrtive  agencies  since  the 
second  of  the  two  ice  iiivasions  to  which  reference  has  beeu  made. 
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Further  liffht  is  thrown  ou  this  question  by  the  fai*t  that  in  its  final 
advance  the  ice  did  not  overrun  this  particular  ref?ion .  Hence  whatever 
accumulation  tliere  was  as  a  result  of  inter-glacial  decomposition  was 
preserved  to  be  added  to  by  the  same  disinteKrating  forces  in  post-gla(;ial 
time. 

If  one  were  inclined  to  jump  at  conclusions,  the  inference  would  be 
easy,  that  sin(;e  rocks  very  similar  to  this.  lM)tli  in  character  and  age» 
within  the  region  covered  V>y  the  ice  in  its  last  advance  show  almost  no 
accumulation  of  decomposed  material,  while  this  rock,  perhaps  equally 
enduring,  but  lying  just  without  the  area  of  the  last  advance,  is  so 
deeply  decomposed,  therefore  the  time  between  the  second  an<l  the  last 
advance  of  the  ice  is  much  greater  than  that  which  has  elapsed  since  its 
flnal  retreat. 

This  evidence  would  have  more  value  a,s  a  time  measure  if  there  were 
other  exix)sure9  of  the  same  ix>ck  within  the  adjacent  latest  glaciated 
area.  Unfortunately  none  o(^cur.  Of  those  that  do  occur  from  the 
gi*auites  near  Big  Stone  Lake  to  the  basic  erui)tives  at  Granite  Falls  no 
one  of  them,  so  far  as  can  be  learned,  exhibits  any  appreciable  accumu- 
lation of  decomposed  material.  The  same  is  true  of  this  class  of  rocks 
in  Wisconsin  and  northern  Michigan  and  generally  throughout  the 
northern  United  States  and  Canada. 

So  far  as  it  goes,  then,  the  testimony  of  this  rock  falls  in  with  that 
which  has  been  derived  from  comparisons  of  the  till  of  the  earlier  an.d 
the  later  glacial  epochs.  These  comparisons  all  go  to  show  that  in ter- 
glacinl  time  was  vastly  longer  than  ptxst -glacial  time. 

Pofiunjmithit'ifJ  Notvs.  -The  fri^sluM'  rock  is  a  very  coarse-Lrraiiied 
olivine  diabase.  The  hand  sp<'cimen  sliows  latli-shav>ed  twinned  feld- 
spars fiver  a  (luarter  of  an  inch  in  lenirtli,  sometimes  with  a  dull  irreen- 
ish  line  as  tlioULrli  partly  changed  to  saiissurife.  Large  eoluinnar  aiigito 
crystals,  penetrated  in  all  directions  by  feldsi)ar,  show  in  some  cases 
cleavage  fares  over  an  ineh  in  length.  Spotting  tliese  cleavage  surfaces 
ar(»  small  yell<nv-green  grains  of  olivine.  C'onsidrralile  black  ore  ma- 
tr'rial  ami  a  little  pyrite  can  also  be  made  out  under  the  lens.  After  the 
rock  was  jnilveri/ed  the  blac'k  ore  material  was  strongly  attracted  to  a 
magnet  and  when  <lissolved  in  hydrochloric  acid  in  i)res<']iee  t)f  tin  gave 
no  titanium  n'a<'tio]i. 

The  microsc'.<>i)ical  study  was  made  on  tw()  seetions  from  one  of  the 
b(;wMcrs  n(*ar  tln'  bed  of  the  stream.  In  both  the  dial)a^e  stnu'tnre  is 
tyi)ically  develo]»e<l,the  lath-shape  fe  Idsjiars  lu^neti-atinir  the  other  con- 
stitn(Mits  in  all  directions.  \o  evidenct^s  of  ilist urbances  ar(*  visible.  ex_ 
cept  such  as  are  e\plaine<i  by  movements  in  the  partially  consolidated 
mairma.  There  are  ])resent  besides  feldspar,  augite.  olivin*'.  hornblend(\ 
bintite.  ilnienite.  apatite  and  clorite. 

The  f»'ldsi)ar  is  i)olysynthetically  twinned  according  t(>  both  the  ordi- 
nary laws,  and  is  oidy  motlerately  altered.     Detrrminations  by  Michel- 
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lievy's  or  Pnmpellf 's  method  of  meBauring  the  extloctioD  anfcle  in  those 
seotioDs  which  give  symmetrical  extinctions  (zone  of  b),  furuished  a  max- 
imam  value  of  28*,  making  it  probable  that  the  feldspar  is  labradorite. 
A  tolerably  fresh  piece  gave  a  specific  gravity  of  2.696.  Some  crystals 
show  a  decided  cloudiness,  which  is  found  to  be  due  in  part  at  least  to 
the  formation  of  a  colorless  micaceous  mineral. 

The  ao^te,  which  is  penetrated  in  all  directions  by  plagioclase  laths 
presents  some  interesting  characters.  The  usnal  cleavage  parallel  to 
the  prism  is  well  marked  with  good  partings  parallel  to  one  or  both  of 
the  vertical  pinacolds.  In  some  basal  sections  all  four  of  these  are  well 
developed.  The  color  of  the  mineral  is  reddish  to  yellowish-brown,  but 
with  varying  depth  of  tone,  and  sometimes  grades  into  an  olive  near  the 
periphery  of  the  section.  The  dichroism  of  basal  sections  is  most 
marked,  the  ray  vibrating  parallel  to  the  plane  of  symmetry,  being  yel- 
low-brown with  a  slight  tinge  of  red,  and  that  vibrating  in  the  perpen- 
dicular direction  being  distinctly  red-brown.  The  monoclinic  symmetry 
of  the  mineral  is  evinced  by  the  inclined  optic  axis  always  obtained  in 
sections  which  show  nearly  perpendicular  cleavages,  and  by  the  high 
extinction  angles  (as  high  as  45°)  in  those  sections  which  show  but  one 
cleavage.  A  brown  or  greenish  brown  hornblende  is  sometimes  found 
as  a  partial  peripheral  zone  abont  or  inclosed  within  augite  crystals, 
generally  with  approximately  the  same  orientation  as  the  augite.  It 
appears  to  tie  original,  its  position  beiug  explained  by  parallel  growth. 
The  hornblende  cleavage  and  the  marked  pleochroism  serve  to  identify 
It.  The  pleochroism  is  c  deep  blue-green  or  brown,  b  deep  green  or 
brown,  and  &  light  green  or  light  reddish  brown.  The  absorption  equa- 
tion is  c  =  b>>a.  In  one  of  the  two  sections  there  is  con^derable 
green  hornblende  in  good  crystals,  grouped  about  areas  filled  with  more 
or  less  nnresolvable  material  (probably  both  hornblende  and  chlorite 
and  doubtless  pseudomorphs  after  olivine  crystals). 

Olivine  is  present  in  one  of  the  sectioiis  in  crystals  which  are  identi- 
fied by  their  peculiar  hexagonial  outlines,  colorless  character,  rough 
surface,  parallel  extinction,  imperfect  cleavage,  and  large  optical  angle 
in  the  plaue  perpendicular  to  the  cleavage  lines  (base).  lu  this  section 
the  mineral  is  in  many  cases  remarkably  fresh,  showing  along  cracks, 
however,  a  small  amount  of  a  bluLsh  green  substance  which  is  also  to  be 
found  about  crystals.  There  are  also  small,  more  or  less  irregular  areas 
particularly  abundant  in  the  vicinity  of  ilmenite,  which  are  in  part  red- 
brown  and  ploochronic  and  in  part  greenish.  The  brown  parts  are 
made  out  to  be  brown  hornblende,  and  the  green  portions  chlorite,  in 
part  of  the  variety  known  as  delessite.  The  chlorite  sometimes  shows 
very  marked  pleorhroism  from  intense  orange  to  bluish  green,  and  has 
slightly  inclined  extinction.  It  is  clear  from  the  disposition  of  the 
chlorite  that  it  is  the  alteration  product  of  the  hornblende  as  well  as  of 
14— A.  &  L. 
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the  olivine,  and  it  is  probable  that  in  some  oases  at  least  the  hornblende 
is  an  intermediate  stage,  the  alumina  neoeosary  for  the  alteration  bein^r 
obtained  froih  feldspar.  Cores  of  olivine  are  found  in  some  crsrstals 
that  are  more  than  half  altered.  In  the  second  of  the  two  sections  no 
olivine  is  present,  but  patches  of  more  or  lees  opaque  green  or  brown 
substance  indicate  the  position  of  the  original  mineral. 

In  both  sections  a  little  biotite  is  present  in  fresh  blades  which  give 
the  marked  mottled  appearance  just  before  extinction  between  crossed 
Nichols.  Apatite  is  abundant  in  crystals  of  moderate  size,  sometimes^ 
though  rarely,  broken  across,  fluid  inclusions  in  the  apatite  are  rare. 
Magnetite  is  quite  abundant  in  large  crystals  which  frequently  show 
skeleton  forms,  and  there  is  a  little  pyrite. 

The  rock  is  therefore  a  coarse-grained  and  f eldspathic  olivine  diabase. 
Examination  of  a  larger  number  of  sections  would  quite  likely  add  some 
characters  to  those  that  have  been  mentioned.  The  presence  of  a  tal- 
ooae  mineral  in  the  decomposed  rock  observed  at  the  locality  is  not  ex- 
plained by  examination  of  the  sections.  It  doubtless  arises  mainly  from 
a  profound  alteration  of  the  pyroxene  constituent,  which  in  the  sections 
is  almost  unaltered. 
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ON  THE  DEEP  WATER  CRUSTACEA  OF  GREEN  LAKE. 


Bt  c.  dwight  marsh. 

During  the  past  two  seasons  I  have  become  Interested  in  the  deep 
water  fauna  of  Green  I^ke,  iind  have  mode  a  large  number  of  collections. 
While  the  results  ma;  not  be  particularly  striking,  I  think  they  are  of 
sufficient  interest  to  warrant  the  presentation  of  a  short  paper  on  the 
subject.  Because  of  its  depth,  Green  Lake  resembles,  iu  the  conditions 
controlling  animal  life,  the  larger  bodies  of  water,  and  might  be  ex- 
pected to  have  a  fauna  somewhat  different  from  that  of  the  shallower 
lakes.    My  collections  seem  to  justify  this  expectation. 

It  is  only  within  a  few  years  that  it  has  been  deemed  worth  while  to 
make  any  investigation  of  the  fauna  of  deep  water.  Even  after  the  ex- 
istence of  a  very  rich  pelagic  fauna  in  the  oceans  was  recognized,  bodies 
of  fresh  water  were  almost  entirely  neglected,  Now,  it  is  well  known 
that  our  lakes  have  a  pelagic  fauna  rich  in  individuals,  if  not  in  species, 
and  a  less  abundsjit  abyssal  fauna.  Most  of  the  European  lakes  have 
been  explored  with  more  or  less  thoroughness.  Especially  noticeable  is 
the  extended  work  of  Prof.  Forel  upon  Lake  Geneva  and  the  smaller 
Swiss  Lakes. 

In  this  country  comparatively  little  has  been  done.  Since  the  initia- 
tory work  of  Dr.  Hoy  in  Lake  Michigan,  some  twenty  years  ago,  so  far 
as  I  know,  only  two  persons  have  published  anything  on  this  subject  — 
Prof.  S.  I.  Smith,  and  Prof.  S.  A.  Forbes. 

The  bottom  of  Green  Lake,  in  the  deeper  parts,  is  a  fine  blue  clay,  in 
which  are  great  numbers  of  ostracod  shells  and  some  few  shells  of  mol' 
luscs.  I  submitted  the  molluscs  to  Kfr.  C.  T.  Simpson  of  the  United 
States  National  Museum,  who  tells  me  that  there  was  nothing  of  especial 
interest  among  them.  They  were  all  littoral  forms,  and,  in  most  cases, 
probably  washed  in  from  shallower  water. 

There  were  also  several  species  of  hydrachna,  worms,  and  infusoria, 
which  I  have  not  worked  out.  The  crustacean  fauna  is  extreme^ 
abundant,  although  the  number  of  species  is  small. 
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The  following  species  were  noted: 

Diaptomus  sic  His  Forbes. 
"         vii7iutii8  Lillj. 
Epischura  lacustris  Forbes. 
Limnocalanus  viacrurus  Sars. 
Cyclops  fluviatilis  Herrick 
"       serrulatus  Fischer. 
CantliocamptH»  sp. 
Cypris  sp. 

Daphnella  hraxihyura  Baird. 
Ceriodaphnia  reticulata  Jurine. 
Dapliuia  kalbergensis  Schoedler. 
Bosmina  sp. 
Alona  glacialis  Birge. 
Leptodora  hyalina  Lillj. 
Pontoporeia  Hoyi  Smith. 
Mysis  relicta  Loven. 

There  were,  besides,  several  forms  of  cyclops,  which  seem  to  differ  f rou 
any  described  American  species.  As  I  am  now  engaged  in  a  study  of  thi 
genus,  I  will  leave  their  description  for  a  later  publication.  None  of  th< 
species  of  cyclops  which  I  have  found  is  peculiar  to  the  deep  water,  as  '. 
have  found  the  same  forms  in  the  littoral  zone  of  the  lake,  and  in  smalle: 
bodies  of  water  in  the  vicinity. 

The  pelagic  fauna  consists  mainly  of  the  followiug  species:  I>iap 
tomus  minntus  Lillj;  Diaptovin^  siciJis  Forbes;  Epischura  lacnstri 
Forbes;  Limnocalanus  mac?' ur us  Sars;  Daphnia  kalbergensis  Schoedler 
Leptodora  hyalina  Lillj.  All  of  these,  with  the  exception  of  limnocalanu 
macritrus,  come  to  the  surface  at  niglit.  The  species  of  cyclops  are  repre 
sented  very  si)aringly,  and  canthocamptus^  daphnella,  ceriodaphnia^  an« 
alona  are  quite  rare.  Evening  collections  showed  vast  numbers  o 
diaptomus  minutus  and  epischura  lacustris^  and  in  some  cases  of  leptc 
dora  hyalina.  I  found  bosmina  very  abundant  in  November,  but  rathe 
rare  in  the  summer  months.  The  abyssal  Crustacea  are  cypris,  pontc 
poreia  Hoyi  Smith,  mi/sis  relicta  Loven,  and  perhaps  some  of  the  form 
of  cycloj}s.  Especial  interest,  perhaps,  attaches  to  three  species  of  th 
preceding  list. 

Diaptomus  minutus  Lillj.  is  found  in  great  numbers,  being  muc 
more  abundant  than  diaptomus  sic  His  Forbes.  My  specimens  corn 
spond  very  closely  to  the  description  by  Lilljeborg,  as  given  in  "  Revis 
ion  des  Calanidos  d'Eau  Douce,"  by  Guerne  and  Richard,  differing  onl 
in  the  following  particulars.  The  joints  of  the  right  fifth  foot  of  th 
male  are  shorter  and  stouter,  and  the  terminal  claw  is  longer  and  some 
what  more  slender;  the  lateral  spine  on  the  last  joint  is  blunt.  Th 
inner  ramus  of  the  left  foot  is  more  nearly  elliptical.    The  animal  avei 
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ages  somewhat  smaller  than  the  type.  These  differences  are  so  minute 
tttat  I  consider  them  only  varietal,  although  thej  are  constant  in  the 
specimens  I  have  examined. 

Diaptomiia  minutiie  has  been  found,  hitherto,  only  in  Greenland  and 
Newfoundland,  althongh  it  seems  probable  that  it  is  widely  distributed 
over  the  northern  part  of  North  America. 

Pontoporeia  £fD^Smith,haabeenfoTind,  hitherto,  only  in  LAke  Super- 
ior and  Liake  Michigan.  A  species  almoHt  identical  with  it,  pontoporeia 
affinit  Kroyer,  occurs  in  the  abyssal  fauna  of  the  Scandinavian  lakes. 

Myaie  Telieta  Loveu,  was  first  found  in  the  Scandinavian  lakes.  It  is 
so  closely  allied  to  miisig  ociilata  Kroyer,  a  marine  form  found  off  the 
coast  of  Labrador  and  Greenland,  as  to  be  considered  only  a  variety  of 
that  species.  It  was  found  in  Lake  Michigan  by  Dr.  Hoy,  receiving  the 
name  of  mj/su  diluvianu»  from  Prof.  Stimpson.  Later,  Prof.  S.  I.  Smith 
collected  specimens  in  Lake  Superior.  I  have  not  had  an  opportunity 
to  compare  my  specimens  with  those  from  the  Great  Lakes,  or  with  the 
original  description  of  the  Scandinavian  form,  but  I  have  |little  doubt 
that  they  are  identical  with  them. 

When  we  compare  the  deep  water  Crustacea  of  Qreen  Lake  with  those 
of  Lake  Miohigan  and  lAke  Superior,  as  shown  in  the  lists  published 
by-  Prof.  Smith  and  Prof.  Forbes,  we  find  a  striking  similarity.  That 
this  should  be  true  of  the  pelagic  fauna  is  not  strange,  for  it  is  easy  to 
explain  the  migration  of  such  forms  from  one  body  of  water  to  another 
through  the  agency  of  water  fowL 

The  presence  of  pontoporeia  Hoyi,  and  my«ia  relicta  however,  is  not 
so  easily  explained.  They  are  abyssal  forms,  found  only  in  deep  water, 
and  never  coming  to  the  surface.  Their  presence  in  the  Scandinavian 
lakes  is  explained  by  supposing  that  the  bodies  of  water,  in  which  they 
are  found,  were  formerly  counected  with  the  sea,  and  ttiat,  when  the  ac- 
cess of  salt  water  was  cut  off,  the  change  to  fresh  water  was  so  gradual 
that  the  animals  accustomed  themselves  to  their  new  conditions  of  exis- 
tence. They  belong  to  the  "  fauna  relegata  "  or  "relickten-fauna"  of 
the  Germans.  This  explanation  does  not  seem  to  apply  to  Oreen  Lake. 
The  lake  is  of  glacial  origin,  a  dam  of  drift  at  the  western  end  prevent- 
ing its  waters  from  Sowing  into  lake  Puckaway.  The  outlet  of  the  lake 
is  a  small  stream  flowing  through  the  village  of  Dartford,  and  emptying 
into  the  Fox  River.  So  far  as  I  know,  there  is  no  geological  evidence 
whatever  of  any  connection  of  Oreen  Lake  with  either  the  Mississippi 
Basin  or  the  Great  Lakes,  by  which  these  deep  water  animals  could  have 
migrated  to  their  present  location. 

The  problem  is  one  for  which  I  can  at  present  offer  no  solution. 
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NOTES  ON  DEPTH  AND  TEMPERATURE  OF  GREEN 

LAKE. 


By  C.  B\VIGHT  MARSH. 

Green  Lake  is  situated  in  Green  Lake  county,  and  is  something  over 
seven  miles  in  length,  and  rather  less  than  two  miles  in  its  greatest 
breadth.  It  extends  in  a  northeast  and  southwest  direction,  and  is  con- 
sidered by  geologists,  to  be  of  glacial  origin,  its  shores  at  the  western 
extremity  being  formed  of  drift  hills. 

The  lake  is  of  especial  interest  because  of  its  depth,  it  being,  I  think, 
the  deepest  lake  within  the  limits  of  the  state. 

While  at  various  times  soundings  have  been  made  by  which  the  deep- 
est parts  of  the  lake  were  located  with  a  fair  amount  of  accuracy,  the 
only  attempt  at  systematic  soundings  was  made  some  years  ago  by 
Prof.  C  A.  Kenaston,  when  he  was  connected  with  Ripon  college. 
Through  the  kindness  of  Mr.  Henry  Wolcott,  of  Rip6n,  I  was  enabled 
to  get  the  results  of  Prof.  Kenaston's  work.  The  soundings  were  made 
in  winter  through  the  ice  and  the  distances  between  stations  chained  off. 

Four  lines  of  soundings  were  made:  from  Boweu's  cottage  to  Oak- 
wood  Hotel,  from  Sandstone  Bhiff  to  Oakwood,  from  Sandstone  Bluff 
to  Sherwood  Forest,  and  from  Sandstone  Bluff  to  Su^ar  Loaf.  The 
following  tables  give  the  results: 

From  Bo  wen's  Point  to  Oakwood. 

I)e2)th. 
()3  feet. 
IK3  *^ 
84  '' 
97  " 
90  '' 
20  " 
01  *' 
m  '' 
53  ** 
38  *' 
i9  '' 
41  " 
620    "  Shore. 


Distance. 

04  rds. 

192 

4. 

250 

(4 

272 

U 

288 

tk 

301 

a 

320 

ii 

336 

;k 

352 

(( 

:iSi 

(* 

132 

u 

161 

a 

Depth  and  Temperature  of  Green  Lake. 
From  Sandatone  to  Oakwood. 


Digtance. 
27rds, 


Depth., 
62  feet. 


Fipm  Sandstone  to  Sugar  Loaf. 

Distance. 
48rds. 


Depth. 
75  feet. 


From  Sandstone  to  Sherwood  Forest. 

Distance.  Depth. 

10  rds.  150  feet. 
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From  these  tables  and  the  profiles  derived  from  them,  it  will  be  seen 
that  the  eastern  part  of  the  lake  is  comparatively  shallow,  and  that 
there  is  a  bar  not  far  from  the  center  where  the  depth  is  only  twenty 
feet.  The  greatest  depth  — 195  feet  —  is  reached  between  Sandstone 
Bluff  and  Sugar  Loaf. 

I  have  made  no  attempt  at  systematic  soundings,  but,  in  connection 
with  dredging,  have  always  taken  the  depth  at  the  time  of  the  haul,  and 
my  figures  agree  in  all  respects  with  those  of  Prof.  Kenaston,  except 
that  they  are  uniformly  somewhat  less;  this  is  easily  explained  by  the  fact 
that  the  level  of  the  lake  has  been  lower  than  usual  for  the  past  two  or 
three  years. 

In  the  western  part  of  the  lake  but  few  soundings  have  been  made  by 
any  one.  Capt.  Pierce  tells  me  that  the  greatest  depth  he  has  found  is 
172  feet.  It  is  popularly  supposed  that  the  deepest  place  is  between 
Sugar  Loaf  and  the  south  shore,  as  that  is  the  last  place  to  freeze.  I 
have  found  there,  however,  only  189  feet. 

It  will  be  noticed  that  the  littoral  zone,  in  most  parts  of  the  lake,  is 
very  narrow,  considerable  depths  being  reached  quite  near  the  shore. 

When  dredging  in  deep  water,  I  also  took  surface  and  bottom  tem- 
peratures. This  work  was  done  in  Aug.,  Sept.,  and  Oct.  1890,  and  July» 
1891.  As,  so  far  as  I  know,  very  little  work  of  this  kind  has  been  done 
in  our  lakes,  I  have  thought  the  results  worth  recording,  although  my 
observations  were  too  few  to  form  a  basis  for  any  general  inferences. 

For  bottom  temperatures,  I  used  a  Miller-Casella  deep  sea  thermom- 
eter, loaned  by  the  United  States  Commissioner  of  t^sh  and  Fisheries, 
and  for  surface  temperatures  a  commou  cheiuical  thermometer.  As  the 
thermometers  were  not  tested,  the  results  may  not  be  absohitely  ac<;ur- 
ate.  The  deep  sea  thermometer  was  attached  about  two  meters  from  the 
sounding  lead,  giving  the  "  bottom  temperaturo/' 

The  following  tables  give  the  temperatures  arranged  by  depths: 


Depth  and  Temperature  of  Oreen  Lake. 
AcGusT,  1890. 


Depth. 

Stirfaoe  tern. 

Bottom  t«m. 

IT  meters. 

25°  C. 

10.25°  C. 

S4^ 

25. 

31. 

26. 

-.45 

33. 

24. 

.    10.5 

20. 

40.85 

25. 

Jl.5 

42. 

24.5 

42.2 

24. 

7. 

45.25 

46.75 

6.6 
6.6 

24. 

48.45 

22. 

C.6 

Depth. 

Air  tern. 

Sorface  tern. 

Bottom  tern. 

41.85  meters. 

22'.7T  C. 

21.'  C. 

5A'  C. 

23. 

556 

50, 

50.5 

25. 

22. 

5.28 

51.2 

20.55 

21 

5.28 

56. 

57.75 

24.72 

21. 

5.28 

263 

5.28 

We  notice  that  in  August,  1890,  there  nas  a  uoilorm  temperature  of 
6.6°  C.  below  a  depth  of  45  meters,  aad  that  up  to  ^  meters  there  was 
an  eleration  of  temperature  of  onl^  one  degree.  lu  July,  1391,  the  bot- 
tom temperature  was  5.28°  C.  While  we  cannot  compare  temperatures 
taken  in  August,  1890,  with  those  taken  in  July,  1891,  I  think  we  may 
birly  infer  that  the  maximum  bottom  temperature  in  Green  Lake  is 
reached  in  August,  and  that  it  remains  nearly  the  same  during  Septem- 
ber and  October.  The  surface  temperature  is  nearly  the  same  in  all  the 
deeper  parts  of  the  lake.  Swimmers,  in  crossing  the  lake,  claim  that 
they  pass  through  "streaks"  of  different  temperatures,  but  the  ther- 
mometer determinations  show  a  practical  uniformity  of  surface  tem- 
perature. 

In  comparing  these  temperatures  with  those  obtained  by  Prof,  and 
Mrs.  Peckham  in  Pine  Lake  (Trans.  Wis.  Acad.  V,  273),  I  notice  that 
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althooi^  the  sorfiMe  temperatures  in  line  Lake,  in  both  July  and 
Aoicoet,  are  higher  than  in  Qreen  Lake,  the  temperatore  of  the  deep 
water  is  nearly  the  aame.  For  instance,  in  Angoet,  1879,  at  a  depth  of 
ISJSS  meters,  the  bottom  temperatore  was  7.23"  C,  while  the  sorfaoe 
temperatore  at  the  same  time  was  24.44'*  C,  and  in  Jnly,  at  a  depth  of 
2138  meters,  the  bottom  temperatore  was  &66*  C,  and  the  sorfaoe  tem- 
peratore 28.12**  0.  Thw^  at  24.38  meters,  was  reached  very  nearly  the 
minimom  temperatore  which  I  f oond  in  Green  Lake  at  50  meters  and 
below. 
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THE  IRON  ORES  OF  THE  LAKE  SUPERIOR  REGION. 


By  C.  R  van  HISE. 

The  object  of  the  present  article  is  to  bring  together  in  &  single  paper 
the  more  important  conclusions  as  to  the  iron  ores  of  the  Lake  Superior 
region,  which  have  been  reached  in  recent  years  by  the  Lake  Superior 
Division  of  the  United  States  Oeolotncal  Survey. 

The  iron  ores  are  all  associated  with  peculiar  nonfrsjipnental  rocks 
which  Iiave  great  variety,  but  which  have  the  common  feature  of  con-  . 
taining  a  considerable  content  of  iron.  The  varieties  include  ferrugin- 
ous cherts,  ferruginous  slates,  sideritic  slates,  actinolitic  schists,  magneti- 
tic  schists,  bematitic  schists  and  intermediate  phases.  At  different  times 
in  the  past  it  has  been  suggested  that  the  Lake  Superior  iron  ores,  like 
many  of  those  of  later  age,  are  derived  from  carbonate  of  iron.  How- 
ever, Irving  was  the  first  to  definitely  prove  this  by  showing  that  in  this 
region  there  is  abundant  residual  iron  carbonate,  and  that  there  are 
actual  transitions  between  this  and  other  phases  of  the  iron  formations.* 
Since  this  conclusion  was  announced,  the  evidence  tliat  these  and  also 
the  ores  are  derived  directly  or  indirectly  from  a  lean  cherty  and  often 
calcareous  and  magnesian  siderite  has  l>een  greatly  augmented. 

The  manner  of  the  transformation  of  the  iron  carbonates  into  the 
other  phases  of  rock  of  the  iron  formation  Iiave  been  traced  out  in  de- 
tail in  the  Penokee  and  Animilcie  districta.f  The  work  of  the  past  two 
years  has  given  a  large  amount  of  evidence  that  exactly  similar  trans- 
formations have  taken  place  in  the  Marquette,  Vermilion,  and  Kaminis- 
tiquia  districts.  As  yet  the  Menominee  proper  and  Felch  Mountain 
districfci  have  not  tieen  sufficiently  studied  to  furnish  this  evidence;  but 
the  ferruginous  rocks  here  occurring  are  exactly  like  those  in  the  other 
districts  and  there  is  no  doubt  as  to  their  equivalent  age,  SO  that  it  is 
highly  probable  that  the  same  is  true. 

The  iron  ores  now  mined  occur  in  two  geological  series,  separated  by 
a  physical  break.J    These  are  the  Lower  Hurouian  and  Upper  Uuronian. 
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In  each  there  is  one  main  iron-bearing  formation  both  of  which  were 
originally  of  nearly  the  same  character,  and  their  subsequent  trans- 
formations have  been  much  alike.  The  chief  differences  are  that  hard 
specular  hematite,  magnetite,  and  the  actinolite-magnetite-schists  are 
more  common  in  the  older  formation;  while  the  soft  hematites,  limon- 
ites  and  cherts  are  more  common  in  the  newer  formation.  However, 
most  phases  of  rocks  and  ores  are  found  in  both  newer  and  older  forma- 
tions, the  main  difference  being  that  of  relative  proportions. 

As  a  consequence  of  the  likeness  of  original  characters  and  subse- 
quent transformations  it  is  possible  to  treat  together  the  genesis  of  the 
ores  of  these  two  series. 

A  third  horizon  at  which  ore-bodies  occur  is  at  or  near  the  base  of  the 
Upper  Huronian.  This  formation  is  not  continuous,  it  being  present 
only  when  the  base  of  the  Upper  Huronian  chances  to  rest  upon  the  iron- 
bearing  formation  of  the  Lower  Huronian.  Here  the  detritus  has  been 
largely  derived  from  the  immediately  subjacent  formation  and  is  conse- 
quently rich  in  iron.  As  will  be  seen,  a  farther  concentmtion  of  the  iron 
oxides  at  this  horizon  has  occurred  at  the  same  time  as  the  concentra- 
tion of  the  iron  ores  of  the  two  main  formations.  At  this  third  horizon 
are  to  be  placed  several  of  the  important  mines  and  certain  of  the  ore- 
bodies  of  others  of  the  mines  of  the  Marquette  district.  The  history  of 
these  deposits  explains  why  they  frequently  occur  adjacent  to  the  ore- 
deposits  of  the  Lower  Huronian. 

The  Lower  Huronian  includes  the  Eastern  Menominee,  Felch  Moun- 
tain, Lower  Marquette,  Vermilion,  and  Kaministiquia  districts;  and  the 
Upper  llnronian  includes  the  Western  Meuomineo,  Upi)or  Marquette, 
Penokoe,  Mesabi,  and  Animikio  districts.  It  thus  appeai-s  thai  in  the 
Felch  Mountain  and  Vermilion  districts  only  the  iron-boarinp  formation 
of  the  Lower  Huronian  is  known,  and  in  the  Penokeo  and  Mesabi  dis- 
tricts only  the  iron-bearing  formation  of  the  Upper  Huronian  is  known. 
In  the  Marquette  and  Menominee  districts  the  iron  formations  of  both 
series  are  represented,  but  tlie  relations  of  tike  two  are  much  more  easily 
made  out  in  tlie  former  than  in  the  latter.  The  Kaniinisticiuia  and 
Animikie  series  also  come  together  in  a  single  district  and  tlie  uncon- 
formable relations  which  here  obtain  are  as  clear  as  in  the  Marquette 
district. 

As  areas  to  serve  as  types  we  will  first  consider  the  Penokee  and  Lower 
Marquette  series,  the  first  belonging  to  the  Upper  Huronian  and  the 
second  to  the  Low^er  Huronian.  These  are  chosen  bec^iuse  here  the  in- 
vestigations have  gone  farther. 

The  Penokee  ores.-  In  the  Penokee  district  the  iron-bearing  formation 
comprising  all  the  varieties  of  rocks  above  mentioned  as  belonging  to 
this  member,  is  on  an  average  about  800  to  850  feet  thick,  but  the  iron 
ores  are  mainly  confined  to  the  lower  400  feet.  The  formation  rests  upon 
an  argillaceous  quartz-slate  the  uppermost  horizon  of  which  is  a  per- 
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sisteut  qnartzite.  It  is  covered  by  a  Efreat  fonnation  of  cUy-nlates,  gray- 
vacke-alates,  etc.  These  fonnations  constitutioff  the  Penokee  serien  are 
a  simple  mDDocline,  dipping  uortbward  from  5>.>'  to  80°  (PI.  ^TI,  &g„  1.) 
The  series  has  been  cut  before  tilting  by  numemun  basic  dikes  nearly  at 
right  angles  to  the  bedding,  but  in  such  a  directioD  a.^  to  now  make  the 
outcrops  of  a  dike  and  the  irou-besring  formatiou  form  the  two  sides  of 
aa  acute  angle  which  usually  faces  to  the  east.  The  unaltered  pha.ie  of 
the  iron-bearing  formation,  i.  e.,  the  lean  cherty  carbonate  of  iron,  is 
most  frequently  found  immediatly  under  the  overlying  slate,  which  hss 
protected  thlsmaterialtrom  percolating  waters,  while  nearits  base  rarely 
is  found  this  sideritic  phase,  it  having  here  usually  been  decomposed. 
The  iutersectloosof  the  dike  rocks  and  the  quartz -slate^^  form  numerous 
right  angled  trough.s  tilted  somewhat  to  the  northward,  (PI.  \'TI,  fig.  2.) 
These  generally  have  a  pitch  toward  the  east  (PI.  VII,  Sg.  3),  consequent 
upon  the  relations  already  descrll>ed.  But  if  the  outcrop  of  the  dike  is 
parallel  to  that  of  the  ore  formation  the  ore-dei>osit  will  have  no  pitch, 
while  if  the  outcrops  of  the  dike  and  quurtz-slate  form  a  westward-facing 
acute  angle  the  deposit  will  have  a  pitch  toward  the  west. 

Now,  with  few  exceptions,  the  ore-bodies  of  the  entire  Penokee  dis- 
trict occur  at  the  apices  of  these  troughs  {PI,  VII,  figs.  2  and  3),  having 
roughly  a  triangular  section  or  a  V  shape  the  lower  part  of  which  is  re- 
latively heavy  and  pitching  with  the  altered  underlying  diabase  dikes, 
usually  called  by  the  miners  "  soapstoue."  The  boundaries  of  the  ore 
formation  are  usimllysharpaloug  the  dike-rocks  andthe  quartz-slate,  but 
vary  upward  often  by  imperceptible  stages  into  the  ferminnous  rocks  of 
the  iron-bearing  formation.  It  follows  from  the  above  that  each  ore^deposit 
may  be  traced  to  the  surface  in  one  direction,and  in  the  other  direction  will 
pass  deeper  and  deeper.  It  is  not  uncommon  for  one  dike  some  distance 
below  another  dike  to  also  carry  an  ore-body.  In  this  case  a  shaft  will 
pass  through  its  first  ore-body,  its  basement  dike  and  a  greater  or  lesser 
thickness  of  lean  ferruginous  material,  when  another  ore-body,  resting 
upon  another  dike  will  be  found  (Pi.  \Tl,  flg.  31.  This  latter  body  may 
have  been  previously  discovered  at  or  near  the  .surface  at  some  point 
east  or  west  of  where  the  uppermost  body  reaches  the  surface  and  there- 
fore ceases.  In  other  coses  the  dikes  may  be  so  close  together  a.^  to  have 
the  entire  space  between  them  filled  with  ore.  In  still  other  cases  more 
than  two  dikes  bearing  ore-bodies  have  lieeu  found  in  vertical  section. 

Summing  up,  the  Penokee  ore-deposits  are  then  roughly  triangular  in 
cross  section.  They  usually  pitch  to  the  east.  They  rest  upon  imiwrvi- 
ous  formations  below,  and  generally  grade  upward  intoaijorous  ferrugiu- 
ous  chert  or  slate  of  the  irou  formation. 

The  Lower  Marquette  Orea. —  In  the  Lower  Marquette*  series  the  ores 
have  somewhat  greater  variety  of  occurrence.    The  deposits,  in.stead  of 
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being  for  the  most  part  at  the  base  of  the  iron-bearing  formation,  are 
either  within  this  formation  or  at  its  upper  part;  that  is,  just  below  the 
base  of  the  Upper  Huronian.  The  formation  above  the  iron-bearing  for- 
mation is  a  quartzite  grading  downward  into  a  conglomerate,  the  mater- 
ial of  which,  is  largely  derived  from  the  subjacent  Lower  Huronian  series. 
The  iron-bearing  formation  is  cut  by  numerous  dikes  at  various  inclina- 
tions and  by  great  bosses  of  basic  eruptives.  These  latter  sometimes  break 
across  the  bedding  of  the  iron  formation,  at  other  times  the  intrusivcs 
bow  the  bedding  upward  so  as  to  make  the  formation  dip  away  from  the 
greenstone  ridges.  Not  in  frequently  a  ridge  of  eruptives  forms  a  more  or 
less  complete  semicircle,  the  iron  formation  constituting  a  valley  within 
it. 

Xow,  the  ore  deposits  are  found  either  at  the  contact  i)lane  between 
the  Upper  and  Lower  Huronian,  or  else  they  rest  upon  or  along  the 
eruptives  (PI.  VII,  fig.  -4);  when  fresh  called  diorite,  w^hen  altered  called 
soapstone.  The  dikes  may  be  vertical  or  inclined.  One  may  be  alone  or 
two  or  more  may  be  adjacent.  The  greenstone  bosses  may  have  a  uni- 
form dip  or  may  be  folded  so  as  to  form  a  cx>mplete  synclinal  trough  (PI.  VII, 
fig.  5).  A  dike  may  unite  with  a  larger  greenstone  mass  to  form  a  trough 
(PI.  VII,  fig.  G).  Whether  the  ore  deposit  rests  upon  a  wall,  a  synclinal  or 
an  irregular  trough  of  eruptive  rock,  the  body  is  not  horizontal,  but  fol- 
lowing the  greenstone,  pitches  at  an  angle  of  20'  to  40"  or  even  more.  As 
in  the  Penokee  district,  the  ore-deposits  have  an  abrupt  termination  at 
the  underlying  eruptive  rocks  and  grade  upward  somewhat  gradually 
into  the  chert  and  jasper.  In  the  case  of  those  ore-deposits  which  arc  at 
the  contact  of  the  Upper  and  Lower  Huronian,  the  bodies  usually  occur 
at  places  where  the  ore  formation  has  been  sharply  shattered  or  l)ont;  or 
whore  an  intersecting  intrusive  serves  as  an  iui)ervi()us  basonieut;  or 
where  both  are  combined.  Such  deposits  may  terminate  abruptly  along 
a  joint  or  may  grade  into  the  chert  or  jasper  (PI.  VII,  fig  7j. 

While  the  Maniuette  ore-deposits  may  rest  upon  formations  of  differ- 
ent characters,  and  may  vary  greatly  in  shape,  in  common  with  those  of 
the  Penokee  district,  they  lie  for  the  most  part  upon  impervious  forma- 
tions in  pitching  troughs,  and  grade  above  into  the  broken  and  porous 
material  of  the  ore  formation;  or,  if  at  the  contact  horizon,  into  tlie  re- 
composed  ore  formation  of  the  Upper  Huronian. 

Ores  (it  base  of  Upper  Marqveitc  aerks.--  The  contact  deposits  of  the 
Lower  Huronian  may  continue  upward  into  the  Upper  Huronian,  a 
singh?  ore-body  belonging  in  part  to  the  Lower  Huronian  and  in  part  to 
the  Upper  Huronian,  when  the  two  series,  although  unconformable,  are 
welded  together  by  subsequent  infiltrations,  as  a  consequence  of  which 
the  non-fragmental  inm  formation  of  the  Lower  Huronian  appears  to 
grade  up  into  the  mechanical  sediments  of  the  Ui)per  Huronian.  In 
other  i)laces  the  ore-deposits  near  the  contact  plane  may  lie  wholly 
within  the  Lower  Huronian  or  wholly  within  the  Upper  Huronian.    In 
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the  latter  case  this  ma;  be  sometimes  due  to  the  fact  that  erosion  has 
removed  bU  or  nearly  all  of  the  Lower  Huronian  iron-bearing  formation 
The  ores  above  this  contact  plane,  like  those  already  considered,  are 
frequently  adjacent  to  or  underlain  by  subsequent  intrusiveB  which  serve 
as  imperviona  basement  formations. 

The  ores  adjacent  to  the  contact  pl&ne  include  the  magnetites  of  the 
Marquette  district.  Those  belonging  to  the  Lower  Huronian  have  a  some- 
what different  aspect  from  those  of  the  Upper  Huronian.  This  is  due 
to  tbo  extrsjieouH  mocbanlcsl  detritus  of  the  latter.  In  thin  section  it 
is  often  found  that  more  or  less  mica  has  developed.  In  examining  the 
structure  of  the  ore-doponits,  it  isseeu  that  much  of  the  magnetite  is  in 
veins  or  cavities  in  finer  grained  and  partly  or  wholly  original  material. 
An  examination  of  thin  sections  of  the  overlying  magnetic  quartzites 
and  conglomerates  shows  conclusively  that  much  of  tbo  magnetite  is  a 
secondary  infiltration. 

Ores  of  other  dittricta.—  It  is  unneces.satT  to  give  the  details  of  the  oc- 
currences of  ores  in  other  districts,  but  it  may  lie  said,  while  the 
character  of  the  bounding  formations  may  be  somewhat  different,  that 
the  ore-deposits  as  in  tbo  Penokee  and  in  the  Marquette  districts  rest 
upon  formations  wbicb  are  impervious.  These  may  be  fmgmental 
slates,  contemporaneous  surface  volcsnics,  or  subsequent  iutmsives. 
Also  any  one  of  these,  or  two  of  tbem,  may  combine  to  form  a  pitching 
trough.  And  even  in  the  cases  in  which  there  is  but  a  single  impervious 
wall  upon  which  the  ore  rests,  it  is  usually  found  that  the  deiiosit  has  a 
pitch.  The  orc-tKidiee  usually  grade  above  into  the  other  phaaes  of 
rock  of  the  iron-bearing  formation,  as  in  the  Penokee  and  Marquette 
districts. 

In  the  Western  Menominee  district  the  ore-bodies  very  extensively 
rest  upon  surface  volcanicn  which  appear  to  be  here  the  inferior  forma- 
tion of  the  Upper  Huronian  series.  In  both  the  Upper  Menominee  and 
the  Upper  Marquette  ores  are  also  found  resting  upon  the  slates,  la 
some  cates  these  underlying  slates  have  a  monoelinal  dip  as  in  the  Pen- 
okee district,  and  in  others  are  folded  into  pitching  synclinals.  The 
iron-bearing  horizons  of  these  districts  do  not  appear  to  be  continuous 
belts  of  pure  iron  formation  materials  as  is  that  of  the  Penokee.  They 
are  often  but  sideritic  phases  of  the  great  slate  formation  of  the  Upper 
Huronian.  Where  this  slate  becomes  usually  sideritic  and  the  other 
conditions  c.\plainc<l  as  requisite  occur  together  the  concentration 
of  ore-bodies  has  taken  place. 

In  the  Vermilion  district  the  ore-bodies  commonly  rest  upon  im- 
pervious schists  believed  to  be  greatly  modified  volcanics  or  upon  intru- 
sive massive  greenstones  of  later  age,  Not  infrequently  one  or  both  of 
these  combined  form  pitching  troughs. 

In  the  newly  developed  Mesabi  range  the  ores,  according  to  Mr.  Mer- 
riam,  are  near  the  base  of  the  series  resting  upon  a  quartzite  which 
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lies  uncouformably  upou  impervious  green  crystalline  schists  of  the 
Archean  complex.  They  are  overlain  by  a  slate  or  shale  of  ^eat  thick- 
ness. They  have  a  gentle  dip  to  the  southward.  In  certain  respects  they 
are  like  the  Penokee  deposits.  Whether  the  bodies  will  be  found  in 
pitching  troughs,  it  is  yet  too  early  to  say. 

Genesis  of  the  ores, — The  peculiar  forms  and  relations  of  the  Lake 
Superior  iron  ores  exclude  a  large  number  of  explanations  which  have 
been  advanced  for  the  genesis  of  these  deposits.  It  is  evident  that  in 
their  present  position  they  are  not  eruptives.  Even  if  it  be  argued  that 
the  iron-bearing  formations  are  igneous  it  would  hardly  be  held  that 
these  peculiar  ore-bodies  are  of  direct  intrusive  origin.  The  forms 
which  these  bodies  have  are  wholly  unlike  those  of  intrusive  rocks.  In- 
stead of  being  continuous  downward  as  such  rocks  should  be  they  usu- 
ally terminate  below  upon  igneous  rocks.  It  is  equally  plain  that  the 
ore-deposits  are  not  of  direct  sedimentary  origin,  although  it  is  believed 
that  the  formations  containing  them,  and  from  which  they  are  derived 
are  sedimentary.  We  know  of  no  way  by  which  sediments  could  be  de- 
posited in  such  irregular  forms  as  these.  Also  their  frequent  connection 
with  subsequent  intrusive  rocks  shows  that  between  the  ore-deposits 
and  the  latter  there  is  some  genetic  connection.  Although  by  the  miners 
the  ores  are  often  spoken  of  as  veins,  these  deposits  have  never  been 
seriously  regarded  as  fissures,  nor  can  they  bo  regarded  as  deposits 
which  have  filled  caves. 

All  of  the  evidence  plainly  points  in  one  direction,  that  is,  that  they 
are  concentrations  i)roduced  by  downward  percolating  water.  These 
waters  removed  a  part  of  the  original  material  of  the  iroii-beariuji:  for- 
mations at  the  i^laces  whore  the  ore-bod ies  occur  and  introduced  iron 
oxide  nearly  simultaneously.  This  explains  the  forms,  positions  and  re- 
lations of  the  ore-deposits.  They  rest  upon  tilted  walls  or  troughs  o^ 
impervious  formations  because  water  has  here  been  converged.  They 
occupy  places  once  taken  by  a  part  of  the  oro-foririatioii  because  this  is 
readily  penetrute<l  by  water,  because  it  was  rich  in  iron  carbonate,  and 
bec^ause  the  constituents  other  than  iron  oxide  are  readily  soluble. 

The  original  condition  of  the  ore-formation,  as  has  been  said,  is  a  lean 
sideritic  and  cherty  slate.  In  order  that  the  ore-bodies  should  be  formed, 
silica  must  have  been  removed  and  iron  oxide  introduced.  That  this  inter- 
change has  actually  occurred  is  shown  by  an  examination  of  the  iron- 
formation  rocks  associated  with  the  ore-bodies.  It  has  V)een  noted  that 
the  change  from  the  ore-bodies  to  the  rocks  abovi?  is  a  transition  rather 
than  abrupt.  .Vlong  this  transition  zone  it  is  a  common  thing  to  see  sil- 
ica bands  die  out  by  gradual  removal.  In  the  iron  formation  proper  the 
silica  is  frequently  in  nearly  solid  l)ands,  alternating  with  bands  richer 
in  iron.  In  passing  toward  the  ore,  cavities  appear  in  the  rock,  the  silica 
l)eing  removed  so  that  the  stratum  is  here  a  i)orous  one.  The  cellular 
or  geodal  cavities  formed  by  the  removal  of  silica  are  very  characteristic 
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of  this  transition  zone  and  even  nheo  90  minute  as  not  to  be  visible  in  ttie 
liand  specimen  are  discoverable  by  a  microscopical  examination.  How- 
ever, before  ail  of  the  silica  is  removed,  iron  oxide  begins  to  be  intro- 
duced, and  flnaUy  when  the  iuterctiaut^e  is  complete,  in  the  places  of  the 
siliceous  bands  is  a  solid  bodj  of  iron  ore. 

It  is  osaally  found  that  the  eruptive  rocks  uuderlylng  the  ore-bodies 
are  greatly  altered,  the  alkalies  having  been  removed.  It  is  probable 
that  these  alkalies  have  been  au  important  agent  in  the  solution  of  the 
adjacent  silica.  It  is  evident  that  the  pitching  troughs  are  places  aloug 
which  abundant  water  Diu.st  travel  because  the  Hurfaro  waters  are  not 
^le  to  penetrate  the  unrterlyiug  formation,  and  the  overlying  formation 
is  a  porous  one.  It  is  equally  evident  that  tho  contact  plane  between 
the  Upper  and  Lower  Uuronian,  where  there  is  a  coarse  conglomerate  at 
the  ba.se  of  the  Upper  Huronian,  is  also  a  borizon  along  which  under- 
ground waters  travel,  and  this  is  particularly  true  where  violent  folding 
has  shattered  the  underlying  ore-formation,  and  here  it  will  be  remem- 
bered the  ore-bodies  of  this  Jiorizon  uaiially  occur. 

Along  these  channels  of  i>ereolation,  as  in  the  ca'te  of  flnsures,  waters 
from  various  sources  meet.  A  portion  of  these  waters  will  Imve  traveled 
for  a  considerable  distance  througli  the  iron  carbonates.  Such  waters 
will  have  oxidized  this  iron  carbonate  in  part  and  thus  become  carbon- 
ated and  take  other  iron  carbonate  into  solution.  Such  iron-bearing 
waters  will  meet  along  the  impen-ioua  formations  other  waters  which 
have  reached  these  positions  by  shorter  paths,  traveling  perhapn  wholly 
through  already  altered  and  brecciated  ore- form  at  ion  material  contain- 
ing no  iron  carbonate.  Such  waters  carrying  no  iron,  but  containing 
oxygen,  will  precipitate  the  iron  from  the  carbonated  solutions. 

Those  ore-bodies  which  underlie  one  or  more  impervious  formations, 
but  rest  upon  other  impervious  formations  have  derived  their  material 
from  the  areas  of  iron  formation  material  lietwecn  the  dike  or  other 
basement  formations  of  the  ore-bodies  in  question  and  tliose  of  the  next 
overlying  deposit.  In  a  given  instance  this  part  of  the  ore-fonuation 
will  have  a  considerable  surface  area  for  the  entrance  of  percolating 
waters  between  the  outcrops  of  the  underlying  and  overlying  impervious 
formations.  (See  Plate  VII,  fig.  3.1  The  waters  have  here  carried  the  iron 
oxide  along  the  impervious  formation  upon  wbich  the  ore  rests  and  have 
precipitated  it  under  the  overlying  impenious  body.  Whether  the  ore- 
body  thus  produced  Alls  the  entire  space  l>etween  the  two  impervious 
formations  depends  upon  the  supply  of  material  wliich  was  available 
and  upon  the  perfection  with  which  the  process  of  concentration  has 
been  carried  out. 

In  the  production  of  the  magnetic  ores  it  appears  that  there  was  not  a 
flaffloient  amount  of  oxygen  to  peroxldize  the  iron,  although  there  was 
l^-A.  &  L. 
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enough  to  precipitate  it  or  a  part  of  it  at  least.  Pyrite  associated  with 
the  magnetite  indicates  the  presence  of  actual  reducing  agents  and 
these  may  have  changed  some  of  the  original  hematite  of  this  horizon 
to  the  form  of  magnetite.  This  lack  of  oxygen  at  the  plane  separating 
the  Lower  and  Upper  Huronian  may  be  due  to  the  fact  that  immediately 
above  is  the  impervious  slate  of  the  latter;  consequently  from  the  sur- 
face there  was  no  direct  path  for  percolating  waters. 

From  what  has  been  said  as  to  the  transition  zone  between  tlie  ore- 
bodies  and  the  iron  formation,  it  will  bo  seen  that  the  process  of  the 
solution  of  the  silica  often  runs  in  advance  of  the  introduction  of  tho 
iron  oxide.  It  is  wholly  possible  that  the  silica  has  l>een  sometimes 
removed  so  far  ahead  as  to  cause  a  considerable  sagging  of  the  ore-for- 
mation. This  suggestion  is  made  because  the  brecciated  character  of 
the  rocks  adjacent  to  the  ore-bodies  frequently  indicates  that  local 
fractures  have  occurred. 

Many  of  the  intrusives  which  cut  the  ore-formations  are  probably  of 
Keweenawan  age.  If  this  be  true  it  is  evident  that  the  concentnition  of 
these  ore-deposits  has  occurred  since  Keweenawan  time.  It  is  also 
manifest  that  the  final  concentration  did  not  occur  until  the  folding 
and  erosion  subsequent  to  both  the  Lower  and  Upper  lluroniun  series, 
and  for  a  part  of  the  districts  at  least  these  were  post-Keweenawan.  It 
is  almost  certain  that  the  Lower  Huronian  iron  formation  was  exten- 
sively modified  before  tho  Upper  Huronian  series  was  deposited,  but  it 
is  also  i)robable  that  the  ore-bodies  now  mined  have  been  produced 
simultaneously  with  those  of  the  Upper  Huronian,  otherv\1se  tho  Lower 
Huronian  ore-deposits  would  not  iuvarial)ly  be  fDund  alxn'o  tlio  eruptive 
rocks  with  whii'li  they  are  in  contact.  AVliile  the  final  concentration 
did  not  begin  until  the  later  foldings  to  whicli  these  senes  have  ]>een 
subjected,  thore  is  no  evidence  tliat  tlie  process  has  ceas<Ml  at  the  pres- 
ent time. 

The  oro-bodies  at  the  base  of  the  Upper  Huronian  were  concentrated 
in  the  lean  detritus  of  the  Lower  HnK)nian  iron  formation  at  tlie 
same  time  and  in  the  sami»  manner  as  tlie  ore-<leposits  just  considered. 

Tlie  remarkable  likeness  of  the  Upper  and  Lower  Huronian  ore- 
formations  is  then  explained  to  be  due  to  the  lik(*n(»ss  of  the  ori^^inal 
iron-bearing  formations  of  the  Upper  and  I-iower  Huronian.  and  to  the 
fact  that  the  concciut ration  of  b<^th  was  due  to  the  same  causes  operat- 
ing at  the  same  1  ime. 

The  Huronian  ro(»ks  of  Lake  Superior  are  often  spoken  of  as  the  iron- 
bearing  series.  The  foregoing  discussion  shows  lliat  ore-l)odies  occur 
only  in  certain  dellnite  formations  which  constitute  but  a  small  ])orcent- 
age  of  the  entire  Hunmian  series.  Moreover  it  is  evident  that  valuable 
ores  are  only  foun<l  within  these  formations  where  a  combination  of 
l)eculiar  conditions  occur  causing  local  concentrations  of  iron  oxi<le.     A 
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recoftnitioQ  on  the  part  ot  practical  mining  men  of  these  principles  vill 
eave  large  soma  ot  money  annnall?  epent  in  nnscientifio  prospecting, 
and,  as  they  have  already  done  in  certain  cases,  will  Dudoubtedly  lead  to 
the  discovery  of  additional  ore-bodies. 
U.  S.  Geological  Survey, 
Lake  Superior  Division, 

Madison,  Wis.,  March  7, 1892. 
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DESCBIPTION  OF  PLATE   VII. 

Fig.  1.  Cross-section  of  Penokee  series.  Showing  its  relations  to  the 
underlying  Archean,  the  overlying  Keweenawan,  and  the  conformable 
succession  of  its  three  members. 

Fig.  2.  Cross-section  of  Pence  mine,  Penokee  series,  showing  the  re- 
lations of  the  dike-rock,  quartzite,  ore-deposit,  and  drift  material. 

Fig.  3.  Lfongitudinal  section  of  a  Penokee  deposit,  looking  south. 
The  ;  figure  shows  how,  as  a  consequence  of  the  pitch  of  the  dikes,  the 
ore-bodies  which  reach  the  rock  surface  soon  pass  under  the  f urruginous 
chert.  The  figure  also  shows,  when  one  dike  is  parallel  to  another  or 
nearly  so,  that  the  ore-body  of  the  lower  dike  may  pass  under  that  of 
the  upper.  The  vertical  distance  between  the  two  deposits  depends 
upon  the  horizontal  distance  between  the  outcrop  of  the  two  dikes  and 
upon  their  pitch.  The  irregular  way  in  which  the  ore  passes  above  into 
the  chert  is  seen,  as  well  as  a  horse  of  rock  at  the  west  end  of  the  west 
open  pit. 

Fig.  4.  Generalized  section  of  Lower  Marquette  ores,  showing  the 
relations  of  the  deposits  to  the  associated  formations.  Ore  is  seen  at 
the  contact  of  the  Upper  and  Lower  Huronion,  above  a  folded  mass  of 
diorite,  upon  one  or  both  sides  of  intersecting  dikes,  and  in  a  trough 
formed  by  the  union  of  a  dike  and  a  mass  of  diorite. 

Fig.  5.  Vortical  cross-section  of  an  ore-(ieposit  of  the  Marquette  dis- 
trict. This  is  bounded  below  by  a  synclinal  of  soapstoiie  grading  into 
diorite  and  above  by  ferruginous  chert.  The  change  from  ore  to  chert 
is  not  so  shari)  as  drawn.  In  longitudinal  section  this  body  shows  a 
considerable  pitch. 

Fig.  6.  Vertical  cross-section  of  an  ore-deposit  of  Marquette  district. 
At  the  loft  the  ore  rests  upon  soapstoue  grading  into  diorite.  At  the 
right  it  is  upon  one  side  of  a  dike-rock,  the  latter  being  an  off-shoot  of 
the  diorite.  At  the  contact  of  the  two  a  pitching  trough  is  formed  in 
which  the  ore-body  becomes  of  large  size. 

Fig.  7.  Horizontal  section  of  ore-deposit  on  east  side  of  Republic  horse- 
shoe, Marquette  district.  The  left  side  of  the  ore  is  V)ounded  by  a  cross 
joint.  The  riglit  side  is  bounded  in  part  by  a  sharp  flexure  passing 
into  a  joint,  and  in  part  grades  into  the  lean  banded  jasper  and  ore. 
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The  Present  Condition  of  the  Latitude  Problem. 


THE  PRESENT  CONDITION  OF  THE  LATITUDE 
PROBLEM. 


By  G.  C.  COMSTOCK. 


[abstbact.] 


The  title  which  lias  been  announced  for  m^  paper,  "The  Present  Con- 
dition of  the  Latitade  Problem,"  imposes  npon  me  the  necessity  of  ex- 
plaining in  what  the  latitade  problem  consists,  since  I  can  not  assume 
that  the  term  thus  employed  will  be  well  understood  even  in  scientific 
circles. 

There  come  down  to  ae  from  remote  antiquity  legends,  curious  enough 
in  themselves,  which  seem  to  imply  that  at  the  time  of  their  origin  a 
very  different  condition  of  affairs  obtained  from  that  which  now  exists. 
Thus  the  early  Egyptian  temples  appear  to  have  been  oriented  with  ref- 
erence to  the  points  of  the  compass  at  times  when  those  points  were 
different  from  what  they  now  are,  and  there  are  traditions  of  a  time  at 
which  the  sun  rose  in  the  west  and  set  in  the  east.  And  coming  down 
to  much  more  recent  dates,  speculation  has  been  rife  as  to  whether  the 
great  pyramids  in  Egypt  may  not  contain  in  themselves  evidence  of  a 
changed  position  of  the  earth's  rotation  axis. 

Until  within  the  last  half  dozen  years  such  matters  were  looked 
npon  by  astronomers  with  the  utmost  incredulity,  and  it  was  almost  a 
matter  of  faith  that  the  earth's  axis  is  the  one  thing  terrestrial  which  is 
permanent  in  position.  But  about  a  half  dozen  years  since  Dr.  Kueetner, 
one  of  the  astronomers  connected  with  the  observatory  at  Berlin,  under- 
took a  very  extended  and  accurate  series  of  latitude  determinations  at 
that  place,  having  in  view  as  the  object  to  be  attained  the  solution  of  a 
very  different  problem,  the  determination  of  the  so-called  "  constant  of 
aberration,"  But  Kuestner's  results  for  the  aberration  came  out  wrong; 
they  would  not  agree  with  the  classical  values  of  this  quantity  elsewhere 
determined,  and  he  found  himself  face  to  face  with  the  alternatives  that 
either  his  observations  were  hopelessly  bad,  or  that  the  latitude  of  his 
observatory  hod  changed  to  the  amount  of  nearly  half  a  second  during 
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the  time  covered  by  his  observatious.  Kuestner  adopted  the  latter  al- 
ternative, but  his  suggestions  were  received  with  great  incredulity  on  the 
part  of  astronomers,  and  it  was  only  when  it  became  apparent  that  sim- 
ilar changes  could  be  traced  in  simultaneous  observations  elsewhere  that 
the  matter  seemed  worthy  of  serious  investigation.  Such  investigation 
it  has  received  under  the  auspices  of  the  International  Geodetic  Associ- 
ation, which  has  for  over  two  years  past  maintained  a  continuous  series 
of  observations  at  three  German  observatories,  which  agree  in  indicating 
a  variation  of  the  latitude  of  these  stations  in  character  entirely  similar 
to  that  detected  by  Kuestner.  In  our  own  country  similar  investigations 
have  been  prosecuted  in  a  less  systematic  manner,  but  agreeing  never- 
theless with  the  results  of  the  German  work. 

But  we  come  here  to  a  new  phase  of  the  matter.  An  extended  and 
very  elaborate  discussion  of  long  series  of  astronomical  obser\'ations 
running  back  over  a  period  of  more  than  a  century  has  been  undertaken 
by  Mr.  S.  C.  Chandler,  who  has  reached  the  very  remarkable  result  that 
during  this  entire  period  traces  of  a  similar  variation  in  latitudes  may  be 
detected,  that  is,  that  during  this  period  the  latitude  of  any  given  place 
on  the  earth's  surface,  instead  of  being  absolutely  fixed,  has  oscillated 
about  a  mean  value,  being  at  times  a  little  greater  and  at  otliers  a  little 
less  than  its  avei-age  amount. 

If  we  inquire  into  the  causes  of  such  an  instability  of  latitude,  we  sliall 
find  very  serious  difficulties  in  the  way  of  any  explanation  based  upon 
known  dynamical  laws.  It  is  true  that  Kulor  pointed  out  a  century  ago 
that  if  the  axis  about  which  the  oartli  nutates  does  noto<>iucido  exactly 
with  its  axis  of  li^uro,  that  is  the  shoi-t  diamotor  of  tlie  sph^^roidal  earth, 
there  will  necessarily  result  a  rotation  of  one  of  these  axes  about  the 
other  produeiii^  a  slight  periodic  chaujire  in  latitudes,  and  tliat  this 
chantce  sliould  run  tlir*nii;li  its  ci)riii>let(?  cycle  in  a  perio>l  of  -V^]  days 
But  it  seems  dlUicult  at  tlrst  siglit  to  identify  this  theoretical  oscillation 
with  the  actual  changes  detected  by  the  European  observers  and  by  Mr. 
Chandler.  The  work  of  the  European  observers  appeared  to  indicate  an 
oscillation  of  latitudes  having  a  period  of  very  approximately  a  year, 
while  the  time  retiuired  for  the  periodic  (change  detected  by  Chandler  is 
4*27  days;  so  that  the  periods  ai)pear  to  be  entirely  discordant.  A  sugges- 
tion has  been  made  in  this  connection,  ho\vevi>r,  by  Professor  Xewc(nnb 
which  may  help  to  bridge  over  the  difticulty  of  co-ordinating  these  periods 
among  themselves.  He  points  out  that  the  period  of  30<>  days  wliich  is 
associated  with  Eulers  name  has  been  computed  upon  the  supposition 
that  the  earth  is  a  i)erfectly  rigid  body,  while  wo  have  abundant  evidence 
that  the  ear1h-s  ritridity,  although  great,  is  by  no  means  infinite,  and  this 
lack  of  perfect  rigidity  will  have  the  olToct  of  lengthening  the  Euler 
period,  so  that  it  may  be  made  .303  days  or  427  days  long,  thus  possibly 
bringing  it  into  agreement  with  the  observed  periods.    One  difficulty 
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liowt'ver,  ntandii  in  the  way  of  this  esplanation.  Mr.  Chaudler  has  in- 
dicated as  a  result  of  hia  invent Ucut ion  that  the  perio<l  of  timo  within 
which  the  latitude  makes  acomplete  osolllatiouia  not  of  uniform  length 
hut  Tungen  from  about  350  up  ta  427  ilaya.  and  this  Tariatiou  in  the  length 
of  the  period  is  in  no  way  accounted  for  bj-  Xeweoinbs  explanation. 

Tumintt  now  for  a  moment  a.si<le  from  tliia  periodic  variation  of  the 
lutitiide,  let  us  briefly  eunsider  another  but  allied  phase  of  the  same 
matter.  At  the  conference  of  the  International  (Seodctic  Aiwociatiou, 
held  at  Rome  in  1681,  Fergnla,  au  Italian  astronomer,  presented  a  con- 
siderable amount  of  data  temliuK  to  Khow  that  diirliiR  the  past  century 
there  hud  been  a  progreHsivc  diminution  in  the  latitudes  of  European 
obnervutories.  In  other  wordsjtbut  aside  from  this  iieriodic  variation  of 
latitudes  there  had  l>ecn  a  steady  ami  uniform  drift  of  the  surface  of 
the  earth  in  Europe  away  from  the  north  i)oIe.  Fer^ila'K  paper  at- 
tracted great  interest  at  the  time,  and  his  suggestion  that  a  concerted 
plan  of  lu^ion  shoald  bo  adopted  for  the  systematic  InveHtigation  of  this 
secular  elianp!  in  latitude  was  adopted  l»y  the  (ieoilctic  Association. 
Measures  were  takeu  to  have  a  series  of  observations  for  this  purpose 
comnicnecd  at  Wa-shiuKtoii  and  at  Lisbiiu:  but  uufoi-tiuiately  the  mat- 
ter terminated  without  aiij'thing  Imviug  been  accomplislied  and  tho 
plan  for  sy.itematic  InvestiKiition  s(-ems  to  have  been  nbandnned. 

At  the  Ciiruest  request  of  some  treoli»rists  esjjecially  interested  in  gla- 
cial phenomena.  I  took  up  the  question  ot  Hie  secular  variation  of  lati- 
tudes anew  some  throe  years  hro,  with  the  intention  of  evamining  more 
carefully  the  American  data,  which  liad  scarcely  been  toui'lied  upon  by 
Ferxola,  and  of  a-M-ertaiuind  whether  it  could  be  made  to  yiidd  any  con- 
tributicm  to  a  better  knowledge  of  the  sottnlar  change.  Without  goiug 
into  the  details  of  this  iuvestlgatioii.  it  may  sulflce  to  state  here  that  this 
data,  although  .somewhat  scanty  in  amount,  still  indicates  very  strongly 
that  American  observatories  have  a  common  motion  towanl  the  north 
pole  amounting  to  about  four  feet  per  year;  in  other  words,  tliat  tho 
rotation  axis  of  the  uartli.  iusteiul  of  being  ft.\ed  ndatii-ely  to  the  crust  of 
the  earth,  is  changing  its  [losition,  moving  in  a  diret-tion  along  the  west 
coast  of  Cireeuland.  so  that  It  is  being  brought  iirogressiveiy  nearer  to 
American  stations  and  carriwl  more  slowly  away  from  Euro]>eau  ones. 
The  results  of  this  investigation  were  presented  last  sunmier  to  tho 
ARU>ii(!aii  .\ssoei:)tion  for  the  Advancement  of  Bcii-uce,  and  a  committee 
o(  that  association  was  appointed  to  devise  means  for  further  iuvustiga- 
tion  of  these  changes  in  latitude,  both  periodic  and  secular.  Under  tho 
jiuspiees  of  the  International  Geodetic  Association,  simultaneous  obser- 
vations an.>  nowlx-ing  made  in  (iemuinj-and  hi  the  Hawaiian  Islands. 
These  will  suHlce  for  a  verj-  accurate  detei-mtnation  of  the  periodic 
changes  of  latitude,  but  they  are  not  well  adapterl  to  a  determiiuition  of 
the  secular  change,  the  longitudes  being  badly  chosen  for  this  purpose. 
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and  it  is  very  much  to  be  desired  that  as  soon  as  possible  a  series  of  ob- 
servBtions  having  the  secular  change  in  view  should  be  undertaken  in 
the  United  States  and  along  the  eastern  coast  of  Asia,  since  the  direction 
of  the  motion  of  the  pole  appears  to  be  such  that  stations  thus  located 
will  be  subject  to  larger  variations  of  latitude  than  those  in  any  other 
longitudes. 


Correlation  of  Moraines  frith  Beaches. 


ON  THE  CORRKLATION  OF  MORAINES  WITH  RAISED 
BEACHES  OF  LAKE  ERIE.* 


By  frank  LEVERETT. 

The  narrow  ridges  of  sand  and  gravel  trliich  traverse  the  plains  of  the 
vestem  Erie  basin,  at  distances  varyioK  from  a  few  miles  up  to  SO  miles 
or  more  from  the  present  shore  of  Lake  Erie,  aa  well  as  those  of  the 
eastern  portion  of  the  Lake  Erie  basin,  which  lie  near  the  borders  of  the 
lake,  were  recognized  by  the  early  settlers  aa  old  lake  shores,  and  were 
known  in  many  sections  as  "  lake  ridges."  Nearly  all  the  reports  of 
geologists,  whose  work  has  lain  within  the  territory  covered  by  these 
beach  lines,  cuntaiu  references  to  the  beaches,  and  many  contun  vain- 
able  data  concerning  them,  but  so  far  as  I  am  aware  no  complete  tracing 
of  any  one  of  the  beaches  has  been  made  by  my  predecessors. 

At  the  time  the  re[Kirts  of  the  Ohio  geological  survey  were  written, 
the  question  seems  not  to  have  been  raised  as  to  whether  the  beaches 
completely  encircle  the  lake,  thongh  Dr.  Newberry  and  Prof.  Winchell 
each  entertained  the  hypothesis  that  the  high  stage  of  water  in  the  lake 
may  have  been  caused  by  the  occupancy  of  the  present  outlet  of  the 
Great  Lakes  by  the  retreating  ice-sheet.t  During  the  twenty  years  that 
have  elapsed  since  these  reports  appeared,  critical  investigation  of  cer- 
tain districts  has  shown  that  these  beaches  do  not  in  all  cases  surround 
the  bodies  of  water  which  they  border.  To  Mr.  Gilberts  especially  are 
we  indebted  for  the  advancement  of  knowledge  along  this  line.  The 
discovery  was  made  by  him,  some  years  ago,  that  several  of  the  raised 
beaches  of  Lake  Erie  do  not  completely  encircle  that  body  uf  water,  but 
that  those  along  its  south  shore  terminate  in  a  successive  series  from 
higher  to  lower  iu  passing  eastward  from  northern  Ohio  to  southwestern 
New  York.  The  results  of  his  study  are  unpublished,  but  through  his 
kindness  1  have  been  made  acquainted  with  his  recent  views  and  sup- 
plied with  the  principal  data.  In  explanation  of  the  failure  or  disap- 
pearance of  these  beaches,  iu  the  eastern  portion  of  the  basin,  Mr.  Gil- 
bert has  entertained  the  theory  that  their  eastern  termini  represent  suc- 

■Tlie article  from  nrhicb  [he  m&In  part  ol  this  paper  is  token  appears  Is  full  In  tbe 
American  Journal  of  Science,  Vol.  XUH,  April  l^Ji 
*GcoloByof  Ohio,  VoLI.,  p.  S5I!;  Proc.  Amer.  Ash.  Adv.  Sci.,  1«^J,  p>  188. 
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oeeBlvB  poaitions  of  the  loe  Cront  in  its  Dortheaatwyunl  retreat  across  the 
Lake  Erie  basin,  bat  has  held  that  the  oompiete  verUloatlon  of  this 
theozy  depends  upon  the  oooorrenoe  of  mondnes  which  are  the  demon- 
strable oorrelatiTes  of  the  beaches.  It  is  believed  that  such  mozainea 
have  now  been  disoovered  and  traced  |nto  conneotion  with  the.three 
beaches  whioh  terminate  in  Ohio.  Two  other  beaches  terminate  in 
soatfawestemNew  York,  bat  since  the  gladal  phenomena  ot  that  region 
have  not  received  critical  attention,  it  is  not  known  whether  moraines 
oooar  there  whioh  can  be  correlated  with  the  beaches.  The  iftntt-Hi^?"'^ 
of  the  several  stages  ci  the  lake,  on  its  north  shore,  have  not  been  de- 
termined. The  stady  is,  therefore,  far  from  complete  and  the  present 
paper  famishes  bat  a  brief  introdactLon  to  the  interesting  histopr 
which  ftirther  investigations  promise  to  reveaL 

The  f^Msts  to  be  presented  are  natarally  groaped  ander  three  heads: 
(I)  The  Van  Wert  car  Upper  beach  and  its  correlative  moraine,  the 
Blanohard' ridge;  (H)  The  Leipsio  or  second  beach  and  its  correlative 
moraine;  (UJ)  The  Belmore,  or  third  beach  and  its  correlative  moraine. 
The  names  here  adopted  are  those  soggested  by  Prof.  N.  H.  WinchelL* 

L     THE  VAN  WEST  OB  UPPEB  BBACH  AND  ITS  OOBBELATIVB  XOBAINE. 

(a)  The  Van  Wert  or  Upper  Beaeh.—TbB  distribation  of  this  beach  in 
Ohio  and  Indiana,  and  the  soathwestward  oatlet  of  the  lake  which  it 
bordered,  are  well  shown  in  maps  pablished  many  years  ago  by  Mr  Gil- 
bert.! It  was  supposed  by  Mr.  Gilbert,  at  that  time,  that  the  beach  con- 
tinued farther  east  than  Findlay,  and  his  maps  accordingly  contain  a 
hypothetical  continuation  along  the  north  slope  of  the  Blanchard  mo- 
raine to  the  Sandusky  river  at  Tiffin.  It  is  now  found  that  there  is  a 
beach  line  having  about  the  position  conjectured  by  Mr.  Gilbert,  but  it 
is  the  Leipsic  or  second  beach,  while  the  Van  Wert  or  upper  beach  ap- 
parently terminates  at  Findlay,  there  bein^  in  the  district  east  from 
the  meridian  of  Findlay  no  beach  line  outside  (south)  of  the  Leipsic 
beach.  At  its  eastern  terminus,  the  beach  is  in  the  midst  of  a  plain  that 
rises  gradually  toward  the  north,  the  east,  and  the  south,  so  that  the 
lake  terminated  in  a  mere  point  whose  waters  were  quite  shallow. 
Along  the  Blanchard  moraine,  on  the  north  side  of  of  the  river,  there  is 
no  beach  line  of  corresponding  age  with  the  Van  Wert  ridge,  though 
sand  sets  in  on  the  outer  slope  a  short  distance  west  from  Findlay  and 
reaches  altitudes  as  great  as  on  the  beach  south  of  the  river.  The  phe- 
nomena along  the  moraine,  as  shown  below,  seem  to  indicate  that  the 
ice-sheet  overhung  it  while  the  lake  was  still  occupying  the  Van  Wert 
beach,  and  thus  prevented  the  waves  of  the  glacial  lake  from  making 
their  impress  on  the  moraine. 

*  Proc.  Am.  Ass.  Adv.  Scl.  1872,  pp.  171-179.    GeoL  of  Ohio.  Vol.  n..  p.  56. 
tAm,  Journ.  of  Science,  May  1871,  p.  Wl.    G«ol.  of  Ohio,  Vol.  1. 1873,  p.  MO. 
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The  altitude  of  the  Van  Wert  beach  throughout  its  course  In  Indiana 
and  Ohio,  has  a  variation  of  scarcely  ten  feet,  the  geocral  altitude  l>eing 
very  nearly  210  feet  above  Lake  Erie.  In  Miohigan  it  has  been  examined 
by  Dr.  J.  W.  Spencer,  who  reports  a  marked  northward  differential  up- 
lift between  VpsUauti  and  Berville,  its  altitude  being  211  feet  at  Vpsi- 
lanti,  and  "244  feet  at  Berville,* 

The  Van  Wert  ridge,  no  far  as  I  have  examined  it,  consists  in  the  main  of 
a  deposit  of  sandy  gravel.  It  is  not  a  strong  beach,  its  usual  height  being 
three  to  five  feet  and  its  breadth  but  ten  to  twelve  rods.  Its  pebbles  are 
often  but  slightly  worn,  an  indication  tliut  wave  action  vitui  not  strong.  It 
is  not  improliiible  that  throughout  a  larger  portion  of  the  year  tlian  at 
present  the  lake  shore  was  fringed  by  ice.  Possila  ai'e  e.xtreraely  rare  if 
not  "entirely  absent  from  this  Ijeach,  a  feature  which  lu^cords  well  with 
the  view  that  the  beach  wa.s  formed  during  the  low  temperature  of  the 
glacial  period,  though  it  is  merely  negative  evidence,  since  the  ab- 
sence or  scarcity  of  fossils  is  not  always  dno  to  the  original  absence  of 
life,  but  often  to  the  laek  of  conditions  for  preservation, 

(b)  Thf  Btam-hunI  Jfon(i"iii',--The  Blauchard  is  the  latest  moraine  of 
the  series  in  Oliiu,  that  can  he  traced  around  the  western  end  of  Lake 
Erie.  Westward  from  Findloy  the  moriiiiie.  though  a  less  conspicuous 
feature  tliau  eastward  from  that  city,  was  recognized  and  map|>ud  by  Mr. 
Gilbert  more  than  twenty  years  ago.f  It  is,  therefore,  one  of  the  earliest 
recognized  moi-aiues  ou  this  continent.  From  near  the  meriilian  of 
Findlay  eastward  it  resembles  the  earlier  moraines  in  presenting  a 
broadly  ridged  and  slightly  unduliitory  tract  of  till,  standing  twenty  to 
forty  fe<'t  above  the  plain  south  of  it,  and  having  a  breailth  of  one  and 
one-half  to  three  miles.  Near  the  meridian  referred  to  it  as.sumes  a 
very  dilferent  ap))earauee,  that  of  a  knob  and  liasin  toiiograpby  of  sub- 
dued type  in  which  knolls  of  conical  form  rise  abruptly  Ave  to  ten  feet 
and  cover  an  ac^re  or  less  each,  and  among  which  are  sharp  basins  occu- 
pying usually  but  a  small  fraction  of  an  acre  eacli,  though  frequently 
several  feet  in  depth.  The  crest  of  the  moraine  is  no  longer  well  de- 
fined though  it  continues  to  be  a  water  shed-between  tributaries  of  the 
Maumce,  all  the  way  to  that  stream  near  Defiance. 

The  structure  presents  as  marked  a  change  as  the  topography.  In- 
etea<i  of  a  uniform  deposit  of  till  at  the  surface,  thei-e  is  a  variety  of  for- 
mations remarkable  for  the  abruptness  of  their  altomations.  In  one 
knoll  a  tine  sand  amy  occur  wiiile  its  neighbors  are  comjiosed  of  clay,  or 
a  portion  of  a  knoll  may  be  sand  au'l  the  n-mainder  elay,  the  whole 
being  mouldc'd  together  in  a  sjTnmetric-al  knoll,  like  the  gravel  and  till 
in  ordinary  kames.  A  few  knolls  eontain  gravel  but  as  a  nile  pebbles 
are  rare,  and  no  surface  bowlders  or  large  iiebbles  were  ol«er\-ed.  The 
clays  are  very  calcareous  and  abound  in  nodules  in  nearly  every  exposure , 
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Such  is  the  character  of  the  moraine  for  a  distance  of  ten  or  twelve 
miles.  About  three  miles  northwest  of  Leipsic,  near  the  center  of  town- 
ship 2  north,  range  7  east,  the  Leipsic  or  second  beach  crosses  the  moraine, 
and  from  there  northwestward  the  moraine  has  a  comparatively  smooth 
surface,  the  result  of  wave  action  subsequent  to  the  retreat  of  the  ice. 

The  portion  of  the  moraine  of  especial  interest  is  the  knob  and  basin 
tract,  above  described.  If  my  interpretation  be  correct  this  owes  its 
peculiar  topography  and  structure  to  the  presence  of  lake  water  beneath 
the  ice-margin.  This  portion  of  the  moraine  heus  an  altitude  but  slightly 
below  the  level  of  the  Van  Wert  Beach,  consequently  the  water  was 
shallow  and  incapable  of  buoying  up  the  ice-sheet  and  producing  ice- 
bergs. The  result  was  what  might  be  anticipated  under  such  conditions 
of  deposition,  a  variable  structure  produced  by  the  motion  of  water 
under  the  edge  of  the  melting  ice-sheet,  and  an  uneven  surface  moulded 
by  the  inequalities  of  its  base  and  margin.  It  may  be  suggested  that 
the  moraine  received  its  sandy  deposits  from  a  lake  that  covered  it  after 
the  ice  had  retreated.  It  seems  improbable,  however,  that  such  was  the 
case,  (1)  because  the  sandy  deposits  are  not  in  the  form  of  a  beach  nor 
in  any  way  connected  with  a  well  defined  beach,  but  consist  of  sharp 
knolls  similar  to  the  clay  knolls  of  the  moraine;  (2)  because  the  sand  in 
places  graduates  into  clay  of  glacial  origin  showing  contemporaneous 
deposition  with  it;  (3)  because  the  basins  and  depressions  are  so  sharp 
and  of  such  a  form  and  arrangement  as  to  forbid  the  idea  that  wave 
action  was  long  exerted  on  them;  (4)  the  portion  of  the  moraine  north- 
westward from  where  tlio  Leipsic  beach  crosses,  affords  a  clear  illustra- 
tion of  the  effect  of  an  open  lake  on  the  moraine,  its  surface  being 
smooth  and  its  sand  either  a  uniform  coating  or  aggregated  into  forms 
clearly  referable  to  wave  or  wind  action.  It  is  fortunate  that  the  lake 
in  its  later  stages  foil  short  a  few  feet  of  reaching  its  earlier  maximum 
stage,  and  thus  left  unmodified  a  portion  of  what  appears  to  be  a  lake- 
deposited  moraine.  So  far  as  1  am  aware  no  case  of  a  moraine  demon- 
strably formed  in  lake  water  has  been  reported  from  other  parts  of  the 
glaciated  district,  but  it  is  not  improbable  that  other  instances  will  be 
found  when  attention  is  directed  more  closely  to  the  subject,  if  they 
have  not  already  been  observed  by  other  students.  It  is  ciuite  probable 
that  in  i)ortions  of  this  moraine  further  north  there  will  be  found  other 
places  similar  to  that  described. 

Summing  uj)  the  phenomena  of  this  district  it  appears,  (1)  that  the 
Van  Wert  ridge  torniinates  near  Findlay,  Ohio,  and  that  east  from  there 
the  Blauchard  moraine  is  its  correlative,  (2)  tliat  the  Blanchard  moraine 
from  near  the  line  of  Putnam  and  Hancock  counties  northward  was 
deposited  in  lake  water.  The  beach  as  well  as  the  morainic  phenomena, 
therefore,  supi)()rt  the  hypothesis  that  the  lake  bounded  by  the  Van 
Wert  boach  was  of  (jJacial  age. 


Correlation  of  Moraines  tbiih  Beaches. 


II.     THE  LEIFSIC  OB  SECOND  BEACH  A.1D  ITS  CORRELATIVE  MORAINE. 

(b)  The  Leiptie  or  Second  Beach.— Tida  beach  was  traced  from  the 
BloDcbard  river,  n«ar  Ottawa,  eastward  to  its  eastern  termiaus  near 
Cleveland.  Its  course  is  not  known  west  from  the  meridian  of  Ottawa, 
but  it  ia  probably  the  correlative  of  Mr.  Gilbert's  "  Second  Beach  "  that 
passes  through  Bryan  and  Hicksville,  Ohio,  since  it  has  about  the  same 
altitude  as  that  beach,  and  since  no  other  beach  that  could  be  a  correla- 
tive has  been  found. 

In  the  portion  already  traced  the  course  of  the  beach  Is  winding,  fol- 
lowing pretty  closely  a  contour  line  195  to  200  feet  above  the  lake,  though 
■  for  a  portion  o!  its  course,  lying  between  the  villages  of  Van  Buren  and 
Bellevue,  it  has  an  altitude  alx>ut  'JIO  feet  above  the  lake. 

From  the  Blanchard  river,  at  a  point  about  three  miles  aliove  Ottawa, 
it  passes  northwestward  along  the  outer  face  of  the  Blanchard  moraine 
for  a  distance  of  9  to  10  miles.  Here  it  crosses  the  moraine  and  pa-sses 
sonth  of  east  along  its  inner  face  for  a  few  miles.  It  then  leaves  the 
moraine  to  the  south  and  takes  a  course  north  of  east,  through  McComb 
and  Van  Buren,  to  Fostoria.  From  Fostoria  it  bears  .south  of  east 
through  Bascom  to  the  Sandusky  river  at  Tiffin,  then  northeast  to 
Bellevue,  southeast  to  the  Huron  river,  near  Pontiao,  northeast  again 
nearly  to  Elyria,  then  south  a  tew  miles  to  Black  river,  after  which  it 
takes  neariy  a  direct  course  toward  its  eastern  terminus  near  Cleveland. 
The  bays  at  Sandusky,  Huron  and  Black  rivers,  were  not  formed,  by  the 
cutting  back  of  the  shore  of  the  lake,  for  a  restoration  of  the  original 
slope  on  which  the  shore  was  carved,  shows  that  the  lake  nowhere  cut 
back  its  shore  a  mile,  and  usually  but  a  few  rods.  The  general  appear- 
ance of  this  beach  is  much  like  that  of  the  Van  Vert,  though  it  is  on  the 
whole  somewhat  stronger,  its  wave  cut  benches  standing  often  6  to  8  feet, 
and  occasionally  15  to  t!0  feet,  atx>ve  the  inner  border  plain.  Its  gravels 
like  those  of  the  Van  Wert  beach  contain  many  pebbles  which  are  but 
slightly  rounded,  and  there  are  many  places  where  bowlders  are  im- 
bedded in  the  beach  deposits.  The  only  fossils  discovered  are  the  boms 
of  elk  and  deer  which  were  obtained  in  a  railway  gravel  pit  three  miles 
east  of  Ottawa,  from  undisturbed  gravel  at  a  depth  of  7  to  0  feet  from  the 
surface.  .\11  the  evidence  collected  favors  the  view  that  the  shore 
throughout  a  large  portion  of  the  year  was  protected  by  ice  from  the 
action  of  the  waves. 

As  provioasly  stated  the  Leipsic  beach  has  its  terminus  near  Cleve- 
land. The  beach  here  connects  with  the  western  end  of  a  moraine. 
Between  Rockport  and  Ldnndale  the  beach  swings  from  a  course  north 
of  east,  to  a  southerly  course,  and  is  there  made  up  of  a  series  of  ridges 
of  nearly  uniform  height,  which  are  united  at  the  curving  portion  of  the 
ridge,  but  diverge  into  distinct  ridges  toward  the  southeast,  so  that  their 
ends  are  spread  out  over  a  space  of  nearly  oue-half  mile.    The  outer 
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ridge  comes  to  Big  Creek  bluff  in  North  Linndale.  There  is  outside  of 
these  beach  ridges  a  peculiar  ridge,  which  appears  to  be  a  compromise 
between  a  beach  and  a  moraine.  At  its  western  end,  near  the  inner  bend 
of  a  tributary  of  Big  Creek,  a  mile  or  so  west  of  North  Linndale,  it  is 
composed  of  gravel,  and  resembles  in  every  way  the  beaches  just  north 
of  it,  but  upon  tracing  it  eastward  the  gravel  changes  to  till,  giving  it 
the  appearance  of  a  low  glacial  ridge.  This  low  till  ridge  may  be  traced 
through  North  Linndale  to  the  bluff  of  Big  Creek,  near  the  bend  of  that 
stream,  and  upon  crossing  the  creek  we  find  a  much  larger  ridge  of  till, 
one  worthy  the  name  moraine.  This  larger  ridge  is  separated  from 
the  eastern  end  of  the  beach  proper  by  the  narrow  valley  of  Big 
Creek,  one-fourth  mile  or  less  in  width.  I  w£us  unable  to  find  beach 
gravel  along  the  inner  (north)  slope  of  the  morainic  ridge,  further  east 
than  the  terminus  of  the  beach  ridge,  but  this  inner  border  district  is 
very  flat,  and  its  clays  contain  few  pebbles  compared  with  the  clays  of 
the  moraine.  These  features  apparently  indicate  that  the  lake  water 
covered  the  tract  north  of  the  moraine,  either  while  the  ice  overhung  it 
or  subsequently. 

(b)  The  Con^elative  Moraine  of  the  Leipaic  Beach, —  This  moraine  as 
indicated  above,  is  traceable  no  further  west  than  North  Linndale.  Both 
north  and  west  from  there  the  surface,  aside  from  the  ;iow  beaches,  is  a 
monotonous  plain  with  scarcely  any  undulation.  The  disappearance  of 
the  moraine  at  the  point  where  the  beach  appears,  leaves  little  room  for 
doubt  that  the  ic«-sheet  licre  terminated  in  a  lake,  and  that  the  beach  is 
of  glacial  age.  The  portion  of  the  moraine  west  of  the  Cuyahoga  does 
not  show  evidence  that  it  was  (lei)osited  in  lake  water.  On  the  contrary, 
its  structure,  so  far  as  oxposetl,  opposes  such  a  theory  of  deposition,  the 
mass  of  the  ridge  being  ordinary  till  without  capping  of  sand  or  other 
water  deposits.  The  descent  is  rai)id  toward  the  Lake  Erie  basin  from 
the  junction  of  the  beach  and  moraine;  there  was  probably  sufllcient 
depth  of  water  to  cause  the  ice-sheet  to  breakup  into  bergs  at  its  margin 
instead  of  resting  on  the  lake  bottom  and  forming  sucli  a  moraine  as  it 
did  in  the  western  Krie  basin,  northward  from  the  junction  of  the  Van 
Wert  beach  and  Blanchard  moraine. 

Tracing  the  moraine  eastward  we  find  it  passing  just  south  of  the  vil 
lage  of  Brighton,  near  which  it  is  interrupted  by  the  Cuyahoga  valley.  It 
reappears  on  the  east  side  of  the  river  in  Newburg  and  is  traceable  from 
there  eastward,  through  Randall  and  Warrensville  to  the  Chjigrin  river 
below  Chagrin  Falls.  West  of  the  Cuyalioga  it  is  a  single  gently  imdu- 
lating  ridge,  about  80  rods  in  width  and  20  to  30  feet  in  height.  East  of  the 
river  it  consists  of  many  short  ridges  and  conical  swells  10  to  '25  feet  in 
height  and  has  a  widtli  of  one  to  two  miles  or  more.  Tn  places  there  is  a 
well  deilued  crest,  but  as  a  rule  the  crest  is  wanting. 

The  range  of  altitude  is  considerable.    West  of  the  CuyalK^ga  the  mo- 
raine stands  about  80»)  feet  A.  T.    East  of  the  river  it  rises  from  800  feet 


Correlation  of  Moraines  with  Beaches.  239 

at  Newbtii^  to  ^fXiO  feet  at  Randall  (only'six  milee  distant),  and  ranges 
up  and  down  200  to  250  feet  in  eastern  Ouyalioga  and  G«au(^  counties  in 
crossing  ridges  and  valleys,  its  highest  points  being  about  1,200  feet  A.  T. 
The  thickness  of  drift  as  shown  by  its  relief  above  border  districts  is 
only  tweuty  to  thirty  feet,  but  spread  out  as  it  is  over  a  width  of  one  to 
two  miles,  it  represents  an  accamuiation^at  least  100  times  that  of  the 
correlative  beach.  The  moraine  is  composed  principally  of  till,  though 
in  places  it  has  gravelly  knolls  (kames).  Pockets  of  gravel  and  sand  oc- 
cur in  the  till,  and  beds  of  assorted  material  are  occasionally  interstrati- 
fied  with  it.  In  short,  the  moraine  in  its  topography,  range  in  altitude, 
balk  and  constitution,  is  so  different  from  the  beach  that  the  two  forma- 
tions cannot  be  confused,  and  yet  there  seems  to  be  no  question  tliat 
the  moraine  of  the  eastern  Erie  basin  has,  |in  the  western  Erie  basin,  a 
beach  for  its  correlative. 

III.     THE  BELUORE  BEACH  AND  ITS  CORRELATIVE  MORAINE. 

Between  the  Leipsic  beach  and  the  present  shore  of  L>ako  Erie,  there 
are  several  Ijeaches.  One  of  these,  the  Belmore  beach,  terminates  near 
Cleveland,  the  others  continue  eastward  into  southwestern  Now  Vork, 
and  do  not  concern  us  in  the  present  discu.'^on.  From  its  eoMtem  ter- 
minus westward  to  the  meridian  of  Belmore  and  Leipsic,  the  Belmore 
l^each  lies  only  one  to  three  miles  and  in  places,  as  at  Berlin  Heights, 
only  a  few  rods  north  of  the  Leipsic  tieach.  Westward  from  this 
meridian  the  courses  of  the  two  beaches  are  quite  divei^ent,  the  Leipsic 
bearing  south  of  west,  while  the  Belmore  bears  northwestward  crossing 
the  Maumee  river  near  Defiance,  from  which  stream  it  bears  east  of 
north  into  Michigan.  The  general  altitude  of  the  Belmore  beach  within 
the  state  of  Ohio  is  160  to  ITO  feet  above  Lake  Eric.  It  lies,  therefore, 
too  low  to  open  southwestward,  as  do  the  earlier  beaches,  through  the 
Ft.  Wayne  outlet. 

lu  size  and  general  appearance  this  beach  differs  but  little  from  the 
Leipsic,  but  is  on  the  whole  more  sandy. 

The  ridge  phase  of  the  Belmore  beach  apparently  exists  no  further 
east  than  the  Cuyahoga  river  but  it  is  thought  that  the  lower  of  the  two 
terraces  in  the  eastern  i>art  of  Cleveland  was  occupied  by  the  lake  at  the 
time  this  beach  was  forming.  The  absence  of  a  beach,  in  the  eastern 
Erie  basin,  which  could  be  considered  a  correlative  of  the  Belmore 
beach,  has  been  determined  by  Mr.  Qiibert,  we  therefore  are  led  to  in- 
quire whether  a  moraiue  occurs  there  as  a  correlative  of  the  beach. 

The  innermost  moraiue  formed  ou  the  southern  borders  of  the  Lake 
Erie  basin,  is  distinctly  traceable  from  the  eastern  end  of  the  lake,  west- 
ward to  Euclid,  Ohio,  a  village  situated  about  ten  miles  east  from  the 
mouth  of  the  Cuyahoga.  Tlie  gap  between  the  western  end  of  the 
moraine  aud  the  eastern  end  of  the  ridge  phase  of  the  Belmore  beach,  is, 
therefore,  about  ten  miles,  but  between  the  moraine  and  the  Cleveland 
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terrace  it  is  scarcely  half  that  distance,  and  I  am  not  certain  bnt  that 
the  terrace  may  find  occasional  development  along  the  face  of  the  bold 
escarpment  south  of  Lake  Erie,  as  far  east  as  the  western  terminus  of 
the  moraine.  But  should  the  gap  between  the  moraine  and  the  beach 
prove  to  be  five  or  even  ten  miles,  it  would  not  follow  that  they  cannot 
be  correlated  with  each  other,  for  the  position  of  the  boundary  between 
the  iC'C-sheet  and  the  lake  may  have  oscillated  through  a  distance  as 
great  as  this  gap,  during  the  course  of  the  period  in  which  the  moraine 
and  beach  were  forming.  The  failure  or  disappearance  of  the  beach 
necessitates  an  explanation,  and  the  only  probable  one  yet  found,  is 
that  the  ice-sheet  excluded  the  lake  from  the  eastern  portion  of  the 
basin,  and  the  disappearance  of  this  moraine  near  the  eastern  end  of  the 
beach,  though  it  does  not  connect  as  closely  with  the  beach  as  do  earlier 
moi'aines  with  their  correlative  beaches,  leaves  no  reasonable  room  for 
doubt  that  it  is  the  correlative  of  the  Bolmore  beach. 

SrMMxVRY  AND  CONCLUSIONS. 

From  the  data  above  presented  it  appears  that  Lake  Erie  in  its  earlier 
stages  was  but  a  small  body  of  water,  its  size  being  conditional  on  the 
position  of  the  retreating  ice-sheet,  and  the  height  of  the  western  rim  of 
the  basin  it  occupied.  It  at  first  occupied  only  a  portion  of  the  district 
between  the  outlet  and  the  western  end  of  the  present  lake,  the  remain- 
der of  the  basin,  including  the  whole  of  the  area  of  the  present  lake, 
being  occupied  by  the  ice-shoot.  Its  south  and  north  shores  were  then 
at  the  Van  Wert  ridge,  while  its  eastern  border  was  at  the  Blanchard 
moraine.  At  the  time  of  the  formation  of  the  Leipsic^  and  Belmore 
beaches  the  area  of  the  lake  was  nearly  as  gi'oat  as  the  present  area  of 
Lake  Erie,  though  it  occui>ied  but  little  of  the  present  bod  of  the  lake. 

From  the  phenomena  attending  the  replacoinent  of  tlio  tliree  beacjhes 
in  Ohio  by  moraines,  wo  are  led  to  suspect  that  the  two  lator  beaches 
which  die  away  in  southwestorn  Xow  York  are  there  connected  with  mo- 
raines, and  that  similar  niorainos  will  be  found  to  counoct  with  the 
beaches  of  Lake  Ontario  at  points  whore  they  disappear  on  its  eastern 
and  northern  borders. 

Differential  uplift  was  slight  in  the  western  Erie  basin  compared  with 
what  it  wiis  in  the  eastern  Erie  i)asin  and  the  Ontario,  and  on  the  shores 
of  Lake  Huron  and  Georgian  Bay.  The  data  at  hand  indicate  that  it 
amounts  to  scarcely  more  than  ton  foot  in  the  whole  area  of  the  portion 
of  the  Erie  Viasin  west  of  Cleveland,  and  has  therefore  played  an  insigni. 
ficant  part  in  causing  the  tlu'oo  stages  of  the  lake  herein  described. 

The  bulk  of  the  moraines  is  many  times  tliat  of  the  beach  deposits? 
though  no  longer  time  was  involved  in  their  deposition.  The  ice-sheet  was, 
therefore,  a  much  more  etticient  transporting  agency  than  the  lake  waves. 

The  extreme  scarcity  of  evidence  of  life  in  those  waters  is  a  feature 
quite  accordant  with  the  th(»ory  deduced  from  the  relation  of  the  beaches 
to  the  moraines,  that  the  hike  was  of  glacial  age. 
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THE  CUNEIFORM  INSCRIPTIONS  ON  THE  MONUMENTS 

OFTHE  ACH.^MENIDES* 


TRANSLATED  BY 


HERBERT  GUSHING  TULMAN,  Ph.  D.. 


THE  SEPULCHRAL.  INSCRIPTION  OF  CYRUS. 

The  oldest  inscription  of  Persia  is  found  on  that  structure  generally 
believed  to  be  the  tomb  of  Cyrus.  At  Pasargadae,  in  the  midst  of  the 
plain  of  Murghab,  stands  a  building  of  white  marble  rising  to  the  height 
of  thirty-six  feet  from  the  ground.  Its  base  is  forty-seven  feet  long  and 
forty-four  feet  broad.  A  figure  in  bas-relief  carved  on  a  pillar,  perhaps 
the  portrait  of  the  king  himself,  strengthens  the  theory  that  this  struc- 
ture is  the  tomb  of  Cyrus.  A  narrow  doorway  leads  into  an  inner  cham- 
ber,  where  Arrian  says,  the  body  of  Cyrus  was  placed.  Under  the  relief 
is  the  cuneiform  inscription,  the  translation  of  which  follows: 

I  (am)  Cyrus,  the  king,  the  Achaemenide. 

For  the  sake  of  comparison  I  add  the  epitaph  of  Cyrus  quoted  by 
Strabo,  (XV,  3.) 

£1  ayOpGjTte,  lyoj  Kvpoi  eijui  6  Ka/ifivdov,  6  zifv  apxv^  Ilepdati 
xaradrrfdcxjuevo^  xal  tt}^  A6iai  jSadiXevda?,  Mrj  ovv  qjf^ovTfdxf^  pioi  rov 
fivr'ff.taro'i. 

*  For  the  original  text  of  the  inscriptions  the  reader  is  referred  to  the  translator's  Old 
Persian  Grammar,  published  by  Ginn  &  Co.,  Boston,  Mass.    (1892). 

16— A.  &  L. 


242  Wisconsin  Academy  of  Sciences^  Arts  and  Letters  - 


THE  IXSORIPTION  OF  DARIUS  mSTASPES  AT  BEHISTAX. 

The  longest  and  most  important  of  the  Old  Persian  inscriptions  is  the 
great  monument  of  Bohistan.  The  name  BehUtan  forms  a  dependent 
compound,  the  first  member  l>eing  baga  (Ood)  and  the  second  stana 
(place.)  Behistan  or  "  Place  of  God  "  was  known  to  the  Greeks  who  gave 
it  the  name  /Sayidravoi^  opod.  This  immense  rock  rises  abruptly  to  a 
height  of  1,700  feet  from  the  plain  below.  No  ])lace  in  all  Persia  could 
Darius  have  found  more  fitted  for  the  puri)ose  of  holding  an  everiasting 
memorial  of  his  reign.  The  bas-reliefs  are  uninjured  and  show  a  row  of 
nine  usurpers  bound  with  a  cord  about  their  necks.  In  front  of  them 
stands  the  monarch  who  treads  upon  the  prostrate  body  of  a  tenth  vic- 
tim. Behind  DariiLS  are  two  attendants,  armed  with  the  spear  and  bow. 
The  figures  of  the  conquerer  and  his  warriors  are  skillfully  executed, 
while  the  rebels  are  intentionally  represented  as  diminutive  in  size. 
Above  the  picture  is  an  effigy  of  Auramazda,  the  gi'eatest  deity  of  the 
Persians. 

Over  the  heads  of  the  king  and  his  captives  are  placed  legends  com- 
memorating the  monarch's  triumphs  and  showing  the  ancestry  of  Darius 
and  the  fraud  of  the  usurpers.  Below  the  reliefs  in  five  pai-allel  columns 
occurs  the  inscription  of  nearly  one  thousand  lines,  the  translation  of 
which  I  make  at  this  point. 

I. 

1.  I  (am)  Darius,  the  great  king,  the  kinir  of  kini,"^,  tlio  king  in  Persia, 
the  king  of  countries,  the  son  of  Ilystasiies.  the  grandson  of  Arshiima, 
the  Adiaenionide. 

2.  Says  Darius  the  king  my  father  (isi  Ilystaspos,  the  father  of 
Hystaspes  (is)  Arshania,  the  father  of  Arshama  (is)  Arij^aramna,  the 
father  of  Ariyararamna  (is  Caispis*),  the  father  of  Caispis  (is) 
Achaemenes. 

3.  Says  Darius  the  king  therefore  we  are  oalle<l  tlie  Aeliaemeuides: 
from  long  ago  we  have  extended  t  from  long  ago  our  family  have  been 
kings. 

•i.  Says  Darius  the  king  VIII4  of  niy  family  (there  were)  who  were 
formerly  kings:   I  am  the  ninth  IX:   individually  we  were  (lit  are)  kings. 


*  Caispis  is  oinitir*.!  by  tlu?  rnrolHssiu'ss  of  the  stone-cutter.  It  is  easily  siii>i>lied  from 
tilt*  inseripti«»n  above  the  hea^l  of  Darius  which  repeat.«>  these  introductory  sections;  vide 
infra. 

tThe  l*ei'siau  word  amata  I  connect  with  the  Sanskrit  root  ma  to  inennure  (C(.  Zend  ma 
and  Lati'i  Mr-To).  The  A  is  doubtless  a  pretlx  corrcsi>ondiug  to  the  Sanskrit  a  (hither"). 
amata  would  mean  inrasKrvfJ  Jn'thrr  or  to  ihv  prcsrnt  fihie.i.c.  reacliin;? to  the  present . 
It  is  possible  to  emphasize  tlie  idea  of  the  root  ma  (measure):  Induce  the  Avonl  might 
si;:nify  mca.'tnrrd,  tcstrd,  tritd. 

i  The  numerals  are  represt'nted  by  horizontal  wedges  for  the  units  and  obli<iue  for  the 
tens. 
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Z.  Sayfl  Darius  the  kioft  hj  the  Krace  of  Auramszda  I  am  king:  Am- 
amazda  gave  me  the  kingdom. 

6.  Says  Darius  the  king  these  are  the  countries  which  came  to  me:  by 
the  grace  of  Auramazda  I  became  king  of  them,  Persia,  Susiaua,  Babyloa, 
Assyria,  Arabia,  Egypt,  which  are  by  the  sea,  Sparda,  Ionia,  Media, 
Armenia,  Cappadocia,  Parthia,  Drangiaua,  Area,  Chorasmia,  Bactriana, 
Sogdiana,  Oandara,  Saka,  Thata^is,  Haravatis,  Maka,  in  all  (there  are) 
XXIII  countries. 

7.  Says  Darius  the  king  these  (are)  the  countries  which  came  to  me: 
by  the  grace  of  Auramazda  thoy  became  subject  to  me:  they  bore  triliute 
to  me:  what  was  commanded  to  them  by  me  this  was  done  night  and 
(lit.  or)  day. 

8.  Says  Darius  the  king  within  these  countries  what  man  wasa  friend* 
him  ^1  supported  I  supported:  who  was  an  enemy  him  well  punished 
I  punished;  by  the  grace  of  Auramazda  these  countries  followed  my  law: 
as  it  was  commande'l  by  me  to  them,  so  it  was  dono. 

9.  Says  Darius  tbo  king  Auramazda  gave  me  the  kingdom:  Auramazda 
bore  mo  aid  until  this  kingdom  was  established:  by  the  grace  of  Aura- 
mazda I  hold  this  kingdom. 

10.  Says  Darius  the  king  this  (is)  what  (was)  done  by  me  after  that  I 
became  king:  Cambyses  by  name,  the  son  of  Cyrus  (was)  of  our  family:  he 
before  was  king  here:  of  this  Cambyses  there  was  a  brother  Bardiya  (i.  e. 
Smerdis)  by  name  possessing  a  common  mother  and  the  same  father  with 
Cambyses;  afterwards  Cambyses  slew  that  Bariliya:  when  Cambyses  slew 
Bardiya,  there  was  not  knowledge  t  (on  the  part)  of  the  state  that  Bar- 
diya wa-s  slain:  afterwards  Cambyses  went  to  Egypt;  when  Cambyses 
went  to  Egypt,  after  that  the  state  became  hostile,  after  that  there  was 
deceit  to  a  great  extent  iu  the  province.s,  both  Persia  and  Media  and 
other  provinces. 

11.  Says  Darius  the  king  afterwards  there  was  one  man,  a  Magian, 
(■aumata  by  name;  he  rose  up  from  Paisbiyauvada:  there  (is)  a  moou- 
taiu  Arakadris  by  name;  from  there  on  the  14tb  day^  of  the  month 
Viyakbna  then  it  was  when  he  rose  up:  he  then  deceived  the  state;  I  am 
Bardiya  the  son  of  Cyrus  brother  of  Cambyses:  afterwards  the  whole 
j^tate  became  estranged  from  Cambyses  land)  went  over  to  him,  both 
Persia  and  Media  and  the  other  provinces:  he  siezed  the  kiogdom;  on 
the  9th  day  of  the  month  Garmapada  then  it  was  be  thus  seized  the 
kingdom:  afterward  Cambyses  die<l  by  a  self-imposed  deatb.|i 

•  Tli«  i'l'ralon  wonl  IH  <it  doulitful  lolerpretnclon.    It  looks  lite  the  nobe-i  iOEsrm  of  bah 

tAZDA,  n[tou)>irnl  word.    Icoaaect  It  with  Cbe  rout  ox  teknovi  whiob  occurs  In  the  com- 

t  Lit,  with  rnurttWD  days;  a  use  of  the  iimtniiimtal  which  denotes  the  assoclatloa  of  time 
wlCh  nn  evunt.    This  Idlota  la  emplored  in  oU  like  temporal  ei|>re<«loDB. 

The  irord  uvahaiuhitvsii  I  divide  tato  itta  tetf  (CI.  Sht.  bva.  Lat.  he)  and 
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12.  Says  Darias  the  kiug  this  kingdom  which  Gaumata  the  Marian 
took  from  Cambyscs,  this  kingdom  from  loug  ago  was  (the  possesion )  of 
our  family:  afterwards  Gaumata  the  Magian  took  from  Cambyses  both 
Persia  and  Media  and  the  other  provinces;  he  acted  in  accordance  with? 
his  own  pleasure?  he  became  king. 

13.  Says  Darius  the  king  there  was  not  a  man  neither  a  Persian  n  or 
Median  nor  anyone  of  our  family  who  could  make  Gaumata  the  Magiau 
deprived  of  the  kingdom;  the  state  feared  him  vehemently  (or  ))ecause 
of  his  violence);  he  would  smite  the  state  utterly  which  knew  the  former 
Bardiya;  for  this  reason  ho  would  smite  the  state  that  it  might  not  know 
me*  that  I  am  not  Bardiya  the  son  of  Cyrus;  any  one  did  not  dare  to  say 
anything  against  Gaumata  the  Magian  until  T  came;  afterwards  I  asked 
Auramazda  for  help;  Auramazda  bore  me  aid;  an  the  10th  day  of  the 
month  Bagayadis  then  it  was  I  thus  with  (my)  faithful?  men  slew  that 
Gaumata  the  Magian  and  what  men  were  his  foremost  allies;  there  (is)  a 
stronghold  Sikayauvatis  by  name;t  there  is  a  province  in  Media  Visaya 
by  name;  here  I  smote  him;  I  took  the  kingdom  from  him;  by  the  grace 
of  Auramazda  I  became  king:  Auramazada  gave  me  the  kingdom. 

14.  Says  Darius  the  king— the  kingdom  whicjh  was  taken  away  from 
our  family,  this  I  put  in  (its)  place;  I  established  it  on  (its)  foundation; 
as  (it  was)  formerly  so  I  made  it;  the  sanctuaries  ?  which  Gaumata  the 
Magian  destroyed  I  restored.  The  commerce  ?  of  the  state  and  the 
cattle  and  the  dwelling  places  and  in  accordance  with  %  tlie  clans  which 
Gaumata  the  Magian  took  from  them  (I  restored);  I  established  the  state 
on  (its)  foundiitiou  both  Persia  and  Media  and  the  other  provinces;  as 
(it  was)  formerly  so  I  brought  V)nck  what  (had  b(MMi)  taken  away;  by  the 
gi*are  of  Auniinazda  tills  I  did;  I  labored  that  our  clan  I  might  ostal)lish 
in  (its)  place;  as  (it  was)  formerly,  so  (I  made  it);  I  Ial>ored  by  the  grace 
of  Auramazda  that  ( Jaumata  tlio  Magian  might  not  take  away  our  race. 

15.  Says  Darius  the?  king  this  (is)  what  I  did,  after  that  J  becamt^  king. 

1().  Says  Darius  the  kiug  when  T  slew  (iaumata  the  Magian  after- 
wards there  (was)  one  man  Atriua  by  name  the  son  of  Upadara(n)ma;  lie 
rose  up  in  Uvaja  (i.  e.  Susiana);  thus  he  said  to  the  state;  I  am  kiug  in 
Uvaja;  afterwanis  tlie  people  of  Uvaja  became  rebellious  (and)  went 
over  to  that  Atriiia;  he  became  king  in  Uvaja;  also  there  (was)  (me  man 

a  Babylonian  Naditabira  by  name  the  sou  of  Ain ;  he  rose  up  in 

Bal>yloii;  thus  he  deceived  the  state;  I  am  Xabukudracara  the  son  of 
Nabunita;  afterwards  the  whole  of  th(^  Babylonian  state  went  over  to 

rlu-  tCf.  Ski.  MAR  Lat.  MOHH»R,>.  Them»\aniuj{;  als(n*orn*sv>oii<lsto  tli«»  stutoniMnt  in  ITorucltv 
tus  III  Ol-»).'>.  that  Caiiihysi^s  (ll«'d  f mm  a  wound  inflictrd  by  his  sword  as  lit?  was  h'a])ing 
frcmi  his  Imrs*'. 

'  Note  the  ilinvt  tVinn  of  t'Xi)ivs><ion. 

+  Xama  is  nut  flioaocusatlvo  of  siMiclflcatioii  Imt  is  attactod  into  tho  case  and  even  the  gren- 
der  of  th''  subject.    Lit.  th»Tt'  is  a  stron^dioKl  <iis)  name  (is)  Sikayauvatis. 

;The  transition  from  llie  accusative  to  tin*  instrumental  is  hard  to  explain. 
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E 


Inscriptions  on  the  Monuments  of  the  Aekamenides.        245 

that  Naditabira;  Babylon  became  rebellious;  the  kingdom  la  Babylon 
he  seized. 

17.  Says  Darius  the  king  afterwardii  I  sent  forth  (my  army)  to  Uvaja; 
this  Atrina  was  led  to  me  bound;  I  slew  him. 

18.  Says  Darius  the  king  aftervards  I  went  to  Babylon  against  that 
Naditabira  who  called  himself  Nabukudrsoara;  the  army  of  Naditabira 
held  the  Tigris;  there  he  halted  and  was  ou  shipboard;  afterwards  I  de- 
stroyed the  army one  (army)  I  made  submissive,  of  the  other 

I  led;  Auramazda  bore  me  aid;  by  the  grace  of  Auramazda  we 

crossed  the  Tigris;  here  the  army  of  Xaditabira  I  slew  utterly;  on  the 

27th  day  of  the  mouth  Atriyadiya  then  it  was  we  thus  engaged  in  battle. 

13.    Says  Darius  the  king  afterwards  I  went  to  Babylon;  when  to 

Babylon ;  there  (is)  a  town  Zazana 

by  name  along  the  Euphrates;  there  this  Naditabira  who  called  himself 
Nabukudracara  went  with  his  army  against  me  to  engage  in  battle; 
afterwards  we  engaged  in  battle;  Auramazda  bore  me  aid;  by  the  'grace 
of  Auramazda  the  army  of  Naditabira  I  slew  utterly 

the  water  bore  it  away;  ou  the  2nd  day  of  the  month  Aua- 

maka  then  it  was  we  thus  engaged  in  battle. 


1.  Says  Darius  the  king  afterwards  Naditabira  with  (his)  faithful  ? 
horsemen  went  to  Babylon;  afterwards  I  went  to  Babylon;  by  the  grace 
of  Auramazda  I  both  seized  Babylon  and  seized  that  Naditabira;  after- 
wards I  slew  that  Naditabira  at  Babylon. 

2.  Says  Darius  the  king  while  I  was  in  Babylon  these  (are)  the  prov- 
inces which  became  estranged  from  me,  Persia,' Uvaja,  Media,  Assyria, 
Armenia,  Parthia,  Magus,  Thatagiis,  Saka. 

3.  Says  Darius  the  king  there  (was)  one  man  Martij^  by  name,  the 
son  of  Cicikhris — there  (Ls)  a  town  in  Persia  Kuganaka  by  name — here 
he  halted;  be  rose  up  in  Uraja;  thus  he  said  to  the  state;  I  am  Imanis 
king  in  Uvaju. 

4.  Says  Darius  the  king  then  I  was  near  by  Uvaja;  afterwards  from 

me the  people  of  Uvaja  seized  that  Martiya  who  was  chief 

of  them  and  slew  him. 

fi.  Says  Durius  the  king  one  man  Fravartis  by  name,  a  Mede,  he  rose 
up  iu  Media;  thus  he  said  to  the  state;  I  am  Khshathrita  of  the  family 
of  Uvakhsbatara;  afterwards  the  Median  state  which  was  iu  clans  be- 
came estranged  from  me  (and)  went  over  to  that  Fravartis;  he  became 
king  iu  Media, 

tS,  Says  Dhfius  the  king  the  Persian  and  Median  army,  which  was  by 
him,  it  was  faithful?  (lit,  a  faitbfuK?)  thing);  afterwards  I  sent  forth  an 
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army;  Vidarua*  by  name,  a  Persian,  my  subject  him  I  made  chief  of  them; 
thus  I  said  to  them;  go  smite  that  Median  army  which  does  not  call  it- 
self mine;  afterwards  this  Vidarna  with  the  army  went  away;  when  h© 

came  to  Media there  (is)  a  town  in  Media by  name  —  here 

he  en^ged  in  battle  with  the  Medes;  he  who  was  the  chief  among  the 
Medes  did  not  then  hohl  (the  army)  faithful  ?;  Auramazda  l>ore  me  aid; 
by  the  grace  of  Auramazda  the  army  of  Vidarna  smote  that  rebellious, 
army  utterly:  on  the  6th  day  of  the  month  Anamaka  then  it  was  the  bat- 
tle (was)  thus  fought  by  them;  afterwards  my  army  —  there  (is)  a  region 
Ka(m)pada  V)y  name  —  tliere  awaited  me  until  I  went  to  Media. 

7.  Says  Darius  the  king  afterwards  Dadarsis  by  name,  an  Armenian, 
my  subject,  him  I  sent  forth  to  Armenia;  thus  I  stiid  to  him;  go,  the  re- 
bellious army  which  does  not  call  itself  mine  smite  it;  afterwards  Dad- 
arsis  went  away;  when  he  came  to  Armenia,  afterwards  tlie  rebellious 
ones  having  come  together  went  against  Dadarsis  to  engage  in  battle 
a  village by  name  in  Armenia;  here  they  engiiged  in  bat- 
tle; Auramazda  bore  me  aid;  by  the  grace  of  Auramazda  my  army  smote 
that  rebellious  army  utterly;  on  the  6th  day  of  the  month  Thuravahara 
then  it  was  thus  the  battle  (was)  fought  by  them. 

8,  Says  Darius  the  king  a  second  time  the  rebellious  ones  having^ 
c^me  together  went  against  Dadai'sis  to  engage  in  battle;  there  (is)  a 
stronghold,  Tigra  V>y  name,  in  Armenia  -  -  here  they  engaged  in  battle: 
Auraumzda  bore  me  aid;  by  the  grace  of  Aummazda,  my  army  smote 
that  rebellious  army  utterly;  ''n  tbo  ISth  day  of  the  mouth,  Thuravahara 
then  it  was  the  batth^  (was)  thus  fouirht  by  thoin. 

0.  Says  Darius  the  kini;  a  tliinl  tiinv  tli«.'  robrllious  onos  Imviiig  conic- 
toget her  We'll t  ngaiiiM.  Dadarsis  to  on^ai^o  in  l)attle;  thoiv  (is)  41  stroug- 

hold.  U tuna   by  name,  in  Armenia-    liero   tliey  oiigai^'od  in  l)attle; 

Auraniaz'la  bore  iiKMiid;  by  the  grare  (jf  Auramazda  my  army  smote 
that  rel)ellious  army  utterly:  on  tho  l>th  day  of  the  month.  Thaigan^is 
then  it  was  tlius  tlie  battle  iwasi  fought  by  thom;  afterwards  Dadai*8is 
awaited  me  until  I  came  to  Media. 

10.  Says  Darius  the  king  afterwards  Vaumisa  by  name,  a  Persian,  my 
subject,  him  I  sent  forth  to  Armenia  ;  thus  T  said  to  him;  go.  the  rebell- 
ious army  whieh  «loes  not  eall  itself  mine,  smite  it:  afterwards  Vaumisa 
went  away:  when  he  came  to  Armenia  afterwards,  the  rebellious  ones 
haviiiLT  come  togetlier  went   against  Vaumisa  to  engage  in  battle;  there 

lis)  a  region, by  name,  in  Assyria  —  here  they  engaged  in  battle; 

Auramazda  i)ore  me  aid;  by  the   grace  of  Auramazda  my  army  smote 


■'  A  imiiiinaf  iv«'  in  a])positiiiii  with  an  ai'cusativtv  Tliis  w«?ak  syntax  is  ooninion  to  the  OM 
Iranian  lan;.'un^»'s.  Artilioially  tin- (.•■nisiti'iu-tiijn  can  In?  rxplain^^d  hy  supplyiu^  asti  /.s  an"l 
repeat  in;;  tli«' i<li'a  in  tin- itirm  «if  a  pri»n'»nn.  Tli»»  Imhlest  rast*  is  in  III.  "J.  kr\ish\yav 
nAi»AU>HisH  I  ffnf  fi,rth  fhtiliiisi'i.  iIjh  niiininativi'jH'iu;;  ijsftl  apparently  as  an  object.  For 
a  fulItT  (li-<Mi>-i'»n  of  rlir  snlij»x-r  f  h«*  roa-lor  i>ivft'iT«.Ml  ro  my  Old  Persian  (Jraniniar  Gl.  a.^ 
in'tvs.  A.  •.*. 
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that  rebellious  army  utterly;  on  the  15th  day  of  the  month  Anamaka, 
then  it  was  thiut  the  battle  (was)  fouRht  by  them. 

11.  Says  Darius  the  king  a  second  time  the  rebellious  ones  having 
come  together  went  against  Vaumisa  to  engage  in  battle;  there  (is)  a 
region  Autiyara  by  name  in  Armenia — here  they  engaged  in  battle; 
Auramazda  bore  me  aid;  by  the  graoe  of  Auramazda  my  army  smote 

that  rebolUoas  army  atterly;  of  the  month  Thuravaham 

thus  .the  battle  (was)  fought  by  them;    afterwards  Vaumisa 

awaited  mo  ip  Armenia  uutil  I  came  to  Media. 

VL  Says  Darius  the  king  afterwards  I  went  from  Babylon;  I  went 
away  to  Media;  when  I  went  to  Media—there  (Is)  a  town  Kudurus  by 
name  in  Media — here  thLi  Frarartis  (t.  e.,  Phaortes)  who  called  himself 
king  in  Media  went  with  (his)  army  atfaiust  me  to  engage  in  battle; 
afterwards  wo  engaged  in  battle;  Auramazda  bore  me  aid;  by  the  grace 
of  Auramazda  I  smote  the  army  of  Fravortis  utterly;  on  the  26th  day  of 
the  month  Adukanis  then  it  was  we  engaged  in  battle. 

13.  Says  Darius  the  king  afterwards  this  Fravartis  with  faithful  f 
horsemeu^in  that  place  (was)  a  region  Raga  by  name  in  Media — here 
went;  afterwards  I  sent  forth  my  army  against  them;  Fravntis  was 
seized  (and)  led  to  me;  I  cut  off  (his)  nose  and  ears  and  tongue,  and  to 

him I  led;  he  was  held  bound  at  my  court;  the  whole  state 

saw  him;  afterwards  I  put  (him)  on  a  cross  at  Ecbatana,  and  what  men 
were  his  foremost  allies,  these  I  threw  within  a  prisou  at  Ecbatana, 

IJ.  Says  Darius  the  king  one  man,  Citra(D)takhmB  by  name,  a  Sagar- 
tiau,  he  became  rebellious  to  me;  thus  he  said  to  the  state:  I  am  king  in 
Sagartia,  of  the  family  of  Uvakhshatara;  afterwanls  I  sent  forth  the 
Persian  and  Median  army;  Takhmaspada  by  name,  a  Medo,  my  subject, 
him  I  made  chief  of  them;  thus  I  said  to  them;  go,  the  rebellious  army, 
which  does  not  call  itself  mine,  smite  it;  afterwards  Takhmaspada  went 
away  with  the  army  (and)  engaged  in  battle  with  Citra(n)takhma;  Aura- 
mazda bore  me  aid;  by  the  grace  of  Auramoztla  my  army  smote  that 
rebellious  army  utterly  and  seized  Citra(n)tnkhma  (an<1)  brought  (him) 

to  me;  afterwards  I  cut  off  his  uose  and  ears,  and  to  him I  led; 

he  was  held  bound  at  my  court;  the  whole  state  saw  him;  afterwards  I 
put  him  on  a  cross  in  Arabia. 

1").    Says  Darius  the  king  this  (is)  what  (was)  done  by  me  in  Media. 

10.     Says  Darius  the  king  Parthia  aud  Hyrcania of 

Fravartls called  himself;  Hystaspes  my  father 

army afterwards  Hystaspes allies town by 

name they  engaged  in  battle thus 

the  battle  (was)  fought  by  them. 
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III. 

1.  Says  Darius  tho  kiiiff  afterwards  I  sent  forth  the  Persian  army  to 
Hystaspes  from  Raga;  when  this  army  came  to  Hystaspes,  afterwards 
Hystaspes  with  that  army  went  away — there  (is)  a  town  Patipnibana  by 
name  in  Parthia — here  he  engaged  in  battle  with  the  rebellious  ones; 
Auramazada  bore  me  aid;  by  tho  grace  of  Auramazda  Hystaspes  smote 
that  rebellious  army  utterly;  on  tho  first  day  of  the  month  Garmapada 
then  it  was  that  thus  the  battle  (was)  fought  by  them. 

2.  Says  Darius  the  king  afterwards  it  became  my  province:  this  (is) 
what  (was)  done  by  me  in  Parthia. 

3.  Says  Darius  the  king  there  (is)  a  region  Margiis  by  name;  it  be- 
came rebellious  to  me;  one  man  Fi"ada,  a  Margiauian,  him  they  made 
chief;  afterwards  I  sent  forth  Dadarsis  by  name,  a  Persian,  my  subject, 
satrap*  in  Bactria  against  him;  thus  I  said  to  him:  go,  smite  that  army 
which  does  not  call  itself  mine;  afterwards  Dadarsis  with  the  army 
went  away  (and)  engaged  in  battle  with  the  MaririauiauS';  Auramazda 
bore  mo  aid;  by  the  grace  of  Auramazda  my  army  smote  that  rebellious 
army  utterly;  on  the  23rd  day  of  the  month  Atriyadiya  then  it  was  thus 
the  battle  (was)  fought  by  them. 

4.  Says  Darius  the  king  afterwards  it  became  my  province;  this  (is) 
what  (was)  done  by  me  in  Bactria. 

5.  Says  Darius  the  king  one  man  Vahj'azdata  by  name  —  there  I  is)  a 
town  Tarava  by  name:  there  (is)  a  region  Vutiya  byname  in  Persia  — 
here  halted;  he  a  second  time  (i.  e.  after  (Jauiiiata)  rose  up  in  Per-»ia; 
thus  ho  said  to  tho  state:  T  am  Bardiya  tlio  son  of  Cynis:  afterwards  the 
Persian  army  which  (was)  in  elans  de])artcfl  from  duty;  it  bceamt^ 
estranged  from  me  (an<l)  wont  over  to  that  Vahyazdata:  ho  bocanie  king 
in  Persia. 

G.  Says  Darius  tho  king  afterwards  I  sont  fortli  tlio  Persian  and 
Median  army  whioli  was  by  mo;  Artavardiya  by  nanio.  a  Persian,  my 
subject,  him  I  made  chief  of  them;  tho  other  Persian  army  wont  with 
(lit.  after)  mo  to  Media;  aftorwanis  Artavardiya  with  tlio  army  went  to 
Persia;  when  ho  came  to  Persia  -there  (is)  a  town  Rakha  by  namo  in 
Persia-  hero  tins  Vahyazdata  who  calh?d  himsolf  Bardiya  wont  with  ihisi 
army  against  Artavardiya  to  engage  in  battle:  afterwards  they  engaged 
in  battle;  Auramazda  l)oro  me  aid;  by  the  grace  of  Auramazda  my  army 
smote  that  army  of  Vahyazdata  utterly:  on  tho  12t]i  day  of  tlio  month 
Thuravahara  thon  it  was  thus  tho  battle  (was)  fought  by  thoni. 

7.  Says  Darius  the  king  afterwards  this  Vahyazdata  with  faithul  ? 
horsemen  thon  wont  toPaishiyauvada:  from  thoncc  ho  wont  with  an  army 

■^  Tin;  P«Tsi;in  utnil   kii-;hatu  vpavan  ('^alraii)   i<  lit.  />inteifinii  t^n:  kiiuflnm :  km-hatra 
ki,i'i,f  on  rCf.  AKrAKii**HATi{A.  Arfnx«.'rx«'S » jiiul  pa  />r"f>rf  a.'l".  >kf.  aiul  Zt-n-l  pa,  I^t.  pa-vi, 
•  .•^.  Kt'Dv  aii'l  I  In*  r'i'»;  in  tin'  J.iit.  patek  anil  ii>  C'>/iiat''s. 
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again  against  Artavardiya  to  engage  in  battle;  there  (is)  a  moimtaia 
Parana  by  name— bere  they  engaged  in  battle;  Auramazda  gave  me  aid; 
by  the  grace  of  Auramazda  my  army  smote  that  army  of  Vabyazdata 
utterly;  on  the  (tth  day  of  the  month  Garmapada  then  it  was  thns  the 
battle  (was)  fought  by  them  and  they  seized  that  Vahyazdata  and  what 
men  were  his  foremost  allies  they  seized. 

8.  Says  Darius  the  king  afterwards  —  there  fis)  a  town  in  Persia 
UvadfUdaya  byname* — here,  that  Vahyazdata  and  what  men  were  bis 
foremost  allies,  them  I  put  on  a  cross. 

9.  Says  Darius  the  king  this  Vnhyazdata  who  called  himself  Bardiya 
be  sent  forth  an  army  to  Haranvatis — there  (was)  Vivana  by  name,  a 
Persian,  my  subject,  satrap  in  Harau^atiR — against  him  (he  sent  an 
army)  and  one  man  he  made  chief  of  them;  thus  he  said  to  them:  go, 
smite  that  Vivana  and  that  army  wliioh  calls  itself  of  Darius  the  icing 
afterwards  this  army,  which  Vahynzdata  sent  forth,  went  against  Vivana, 
to  engage  in  battle;  there  (is)  a  stronghold  Kapishakauis  by  name^ 
hero  tbey  engaged  in  battle;  Auramazda  bore  me  aid;  by  the  grace  of 
Auramazda  my  army  smote  that  relietlious  army  utterly;  on  the  13th 
day  of  the  month  Anamaka  then  it  was  thus  the  battle  (was)  fonght  by 

10.  Says  Darius  the  king  again  the  rebellious  ones  having  come  to- 
gether went  against  Vivana  to  engage  in  l)attle;  there  (is)  a  region 
Ga(n)dutava  by  name  — here  they  engaged  in  battle;  Auramazda  bore 
me  aid;  by  the  grace  of  Auramazda  my  army  smote  that  rebellious  army 
utterly;  on  the  9th  day  of  the  month  Viyakhna  then  it  was  thus  the  bat- 
tle (was)  fought  by  them. 

11.  Says  Darius  the  king  afterwards  this  man,  who  was  chief  of  that 
army  which  Vahyazdata  sent  against  Vivana,  this  chief  with  faithful  ? 
horseman  went  away — there  (is)  a  stronghold  Arsliada  by  name  in  Haran- 
vatis—  he  wcut  beyond  thence;  afterwards  Vivana,  with  an  army  on 
foot  went  (against)  them;  here  he  seized  him  and  what  men  were  his 
foremost  allies  he  slew. 

12.  Says  Darius  the  king  afterwards  the  province  became  mine;  this 
is  what  was  done  by  me  at  Harauvatis. 

13.  Says  Darius  the  king  when  I  was  in  Persia  and  Media  a  second 
time  the  Babylonians  became  estranged  from  me;  one  man,  Arakha  by 
name,  an  Armenian  son  of  Han{?)dita,t  he  rose  up  in  Babylon;  there  (is) 

DC  use  of  pBTBtax.  iDEt^ad  iit  bringing  thi?  wnnis  of 
consCnicIiuDs  arc  employed.  In  no  other  luoKuage  la 
iBt  ttwl  wBB  oriBlnal  to  speecb.i  shoH-o  to  better  ad- 
ijitlotw. 

N  Id  Dubatia  conjecture  has  BU]>])1ii!il.  The  cotnbloa- 
rescmlileK  no  other  cbaraclers  on  tlie  stooe  and  iiCT' 
\ae  would  Ik'  wantiUK  ia  tlin  Old  t'entUn  al|dijibet.  I 
ss  wriltDg  or  the  tiosal. 


•  The  n> 

niler  lias  u 

oticed 

eelnlosyi 

il9  loose. 

■nl   (wl 

tTlif  N 

in  Ilandito  ai  *t 

in  of  «-e 

Ages  Id  thi 

!  cunell 

)|iii  la  tlie  sign  for 

Lwbi 

jHcver  feel  ihai  it 

U  simp 

260  Wisconsin  Academy  of  Sciences^  Arts  and  Letters. 

a  region,  Duban(?)a  by  name  —  from  there  be  rose  up;  thus  he  lied;  I  am 
Nabukudracara,  the  son  of  Nabunita;  afterwards  the  Babylonian  state 
became  estranged  from  me  (and)  went  over  to  that  Arakha;  he  seized 
Babylon;  he  became  king  in  Babylon. 

14.  Says  Darius  the  king  afterwards  I  sent  forth  my  army  to  Babylon; 
Vi(n)dafra  by  name,  a  Mede,  my  subject,  him  I  made  chief;  thus  I  said  to 
them;  go,  smite  that  army  in  Babylon  which  does  not  call  itself  mine; 
afterwards  Vi(n)dafra  with  an  army  went  to  Babylon;  Auramazda  bore 

me  aid;  by  the  grace  of  Auramazda,  Vi(n)dafra  seized  Babylon 

on  the  2d  day  of  the  month then  it  was  thiLS 


IV. 

1.  Says  Darius  the  king  this  (is)  what  was  done  by  me  in  Babylon. 

2.  Says  Darius  the  king  this  (is)  what  I  did;  by  the  grace  of  Auram- 
azda it  was  (done)  wholly  in  (my)  way;*  after  that  the  kings  became  re- 
bellious I  engaged  in  XIX  battles;  by  the  grace  of  Auramazda  I  smote 
them  and  I  seized  IX  kings;  there  was  one,  Gaumata  by  name,  a  Magian; 
he  lied;  thus  he  said;  I  am  Bardiya  the  son  of  Cyrus:  he  made  Persia  re- 
bellious; there  (was)  one,  Atrina  byname,  inUvaja;  ho  lied;  thus  he  said; 
I  am  king  in  Uvaja:  ho  mad(»  Uvaja  robollious  to  mo;  thore  (was)  one, 
Na<litabira  by  nanio,  a  Bal)ylonian:  ho  liod;  thus  ho  said;  I  am  Xabuku- 
draoara  tho  son  of  Xabuiiita;  h(j  made  Babylon  robollious;  there  (was^ 
Olio,  Martiya  by  uamo,  a  Porsiau;  ho  liod;  thus  ho  said;  I  am  Imanis 
king  in  Uvaja;  ho  mado  Uvaja  robollious;  thoro(was)  one  Fravartis  by 
namo,  a  Modo;  ho  lied;  thus  ho  said;  T  am  Khshatlirita  of  tho  family  of 
Uvakhshatara:  ho  nia<l«^  Media  robollious;  thoro  ( wasiono,  Citradiitakhma 
by  namo,  in  Sagartia:  ho  UlmI;  thus  ho  said;  I  am  king  in  Sagartia.  of  the 
family  of  Uvakhshatara;  ho  mad(»  Sagartia  robollious:  thoro  (was)  one, 
Frada  by  name,  a  Margianian;  1m'  liod;  thus  ho  said;  I  am  king  in  Margus; 
ho  made  Margus  rol>ollious;  thoro  i  was)  ono,  Vahyazdata  by  namo,  a  Por- 
sian;  ho  liod;  thus  ho  said;  I  am  Bardiya  tho  son  of  Cyrus;  he  made  Per- 
sia rol)0^1ious;  thoro  (was)  ono,  Arakha  by  name,  an  Armenian;  he  lied; 
thus  ho  said;  I  am  Xal)ukudraoara  tho  son  of  Xabunita:  ho  made  Baby- 
lon robollious. 


*  FiAMAHYAYA  TiiAUi>A  IS  of  tloiibtf ul  iiitorprf tiitioii.  Riiwl.  supjc«*sted  "the  iMTforniancf  of 
tlu*  wliol»"  *':  OpiKTt '•  <latw  louto  nm  vie;  ilaiis  toutr  raiinio.  t^>iijours '*;  Spl(.*;;el  "  in  allcr 
WoisrT"  Many  r"ll»^  niienii>Ts  have  lit-en  nia«h'  to  connect  tuaiwa  with  the  Siinskrit  vauad, 
antumu  iisi^l  in  the  Veda  nn'taphnrically  for  ymr,  but  th«:*y  are  unsatisfactory.  I  fo»»l 
that  \vi.'  liavc  n»»thin>;  which  can  triv«*  us  h^i^ht  on  this  phras*?. 
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3.    Says  Darius  the  king  these  IX  kings  I  seized  within  these  battles. 

i.  Sc^s  Darius  the  king  these  (are)  the  provinces  which  lieonme  re- 
bellious; a  lie  made  them  * that  these  deceived  the  state;  afterwards 

Auramazda  made  them  in  my  hand;  as  desire  (moved)  me,  thus 

5.  Says  Darius  the  king  O  thou  who  wilt  be  king  in  the  future,  pro- 
tect thyself  stroDKlj'  from  deceit;  whatever  man  will  be  a  deceiver,  him 
punish  well  (lit.  him  well  punished  punish,  Cf..  I.  8),  if  thus  tboa  sbalt 
think  "may  my  country  be  firm." 

6.  Says  Darius  the  king  this  (is)  what  I  did;  by  the  grace  of  Aura- 
mazda  I  did  (it)  whoU;  in  (my)  way;t  O  though  who  shait  examine  this 
inscription  in  the  future,  let  it  convince  thee  (as  to)  what  (was)  doue  by 
me;  do  not  deceived  thyself. 

T.  Says  Darius  the  kiug  Auramazda  (is)  a  witnvss?  that  this  (is)  true 
(and)  not  falMO  (which)  I  did  wholly  in  my  own  way.J 

8.  Says  Darius  the  king  by  the  grace  of  -\aramazda 

(what)  eise  (was)  done  by  me  to  a  great  extent,  that  (is)  not  inscribed  on 
this  inscription;  for  this  reason  it  (is)  not  inscribed  lest  whoever  will 

I  this  inscription  in  the  future it  may 

e  him  (as  to)  what  (was)  done  by  me  (and)  he  may  think  (it) 

9.  Says  Darius  the  king  who  were  the  former  kings,  by  these  nothing 
(was)  done  to  a  great  extent  as  (was)  performed  \  wholly  by  me  though 
the  grace  of  Auramazda. 

10.  S>tys  Darius  the  king let  it  convince  thee  (as  to)  what 

(was)  done  by  me;  thus for  this  reason  do  not 

hide  (this  monument);  if  thou  shalt  not  bide  this  monument  (but)  tell 
(it)  to  the  state,  may  Auramazda  be  a  friend  to  thee  and  may  there  be  to 
thee  a  family  abundantly  and  live  thou  long. 

11.  Says  Darius  the  king  if  thou  shalt  hide  this  monument  (and)  not 
tell  (it)  to  the  state,  may  Auramazda  be  a  smitcr  to  thee  and  may  there 
not  be  to  thee  a  family. 

12.  Says  Darius  the  king  this  (is)  what  I  did  wholly  in  (my)  way;*!  by 
the  gracu  of  Auramazda  I  did  (it);  .\uramazda  bore  me  aid  and  the  other 
gods  which  are. 

13.  Says  Darius  the  king  for  this  reason  Auramazda  bore  me  aid  and 
the  other  gods  which  are,  because  I  was  not  an  enemy,  I  was  not  a  de- 
ceiver, I  was  not  a  despot family  above  law,  above 

•  Pt^rh.-iiii  we  CDD  supply  witli  gplifgel  huhtrita  u  Uf  viailt  them  rcbelllov: 

t  Cf .  n'.  a. 

1  cr.  IV.  a. 

i  Altbbiiitb  muoh  ban  b«t'ome  obliterated  ytt  ve  have  enough  to  enable  us  U>  gain  the 
sense  ot  the  pasaatte-  The  Idea  Is:  should  I  write  the  memorial  o(  all  my  achleTemenls, 
they  would  tie  so  many  that  men  urould  lose  faith  la  the  testimony  of  this  stone. 

1  Cf.  IV,  a.  but  here  tuabd*  falls  to  appear. 

T  Cf.  IV.  2. 
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me I  did that  whoever  for  me  helped 

those  belonging  to  my  race,  him  well  supported  I  supi>orted;  whenever 

him  well  punished  I  punished. 

1-i.    Says  Darius  the  king  O  thou  who  art  king  in  the  future,  whatever 

man  shall  be  a  deceiver shall  be (bo)  not 

a  friend  to  these;  punish  these  with  severe  punishment. 

15.  Says  Darius  the  king  O  thou  who  shalt  see  this  inscription  in  the 
future  which  I  inscribed  or  these  pictures,  thon  shalt  not  destroy  t  them) 
as  long  as  thou  shalt  live;  thus  guard  them. 

16.  Says  Darius  the  king  if  thou  shalt  see  this  inscrij^tion  or  these 
pictures  (and)  shalt  not  destroy  them  and  shalt  guard  them  for  me  as 
long  as  (thy)  family  shall  be,  may  Auramazda  be  a  friend  to  thee  and  may 
there  bo  to  thee  a  family  abundantly  and  live  thou  long  and  whatever 

thou  shalt  do,  this  for  thee  (lot)  Auramazda lot  him  grant  thy 

prayers. 

17.  Says  Darius  the  king  if  thou  shalt  see  this  inscription  or  these 
pictures  (and)  shalt  destroy  them  and  shalt  not  guard  them  for  me  as 
long  as  (thy)  family  shall  be,  may  Auramazda  be  a  smiter  to  thee  and 
may  there  not  be  to  thee  a  family  and  whatever  thou  shalt  do  this  let 
Auramazda  destroy  for  thee. 

18.  Says  Darius  the  king  these  (are)  the  men  who  wo'-e  there  tlien 
when  I  slew  Gaumata  the  Magian  who  called  himself  Bardiya;  then 
these  men  cooperated  as  my  allies;  Vi(n)dafrana  l^y  name,  the  son  of 
Vayaspara,  a  Persian;  Utana  by  name,  the  son  of  Thukhra.  a  Persian; 
Gaubaruva  by  name,  tlie  son  of  Marduniya,  a  Persian;  Vidarna  by 
name,  the  son  of  Bagabigna,  a  Persian;  Ba^abuklisba  by  name,  tlio  son 
of  Daduhya,  a  Persian;  Ardumanis  by  name,  the  son  of  Vahauka,  a 
Persian. 

19.  Says  Darius  the  king  O  thou  who  ari  king  in  the  future,  what 
what   Darius 


I  did. 


Iff  I* 

1.    Says  Darius  the  king  this  (is»  wliat  I  did 

way  

king l^roviuoe;   tliis  V)eoame  If^ 

estranged  from  me;  one  man  ..imiua  by  name:  the  (people)  of  Uvaja  .jjjp 
mad«»  him  chief;  afterwards  I  sent  fortli  (inyi  armj'  to  Uvaja;  one  man  ^^tf 
(iaubaruva  by  name,  a  Persian,  my  subjivt,  him  T  made  chief  of  them;  \^ 
al'terwanls  tliis  Ciaubaruva  with  an  army  went  to  Uvaja;  ho  engaged  in  jU'^ 

fl!  I 
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battle  with  the  rebellioua  ones;  afterwards  . 
and  to  him  


.  he  seized  and  led  t 


2.    Says  Darius  the  king  .. 


Auramazda by  the  grace  of 

Auramazda I  did. 

3.    Saya  Darius  the  king  whoever  in  the  future  


4.    Says  Darius  the  king I 

went  against  Saka 

Tigris to  the  sea 

I  seized  the  enemy to 

Saku(Q)kaby  uame,  him  I  seized  

there  another  as  chief 

afterwards  


5,  Says  Darius  the  king not 

Auramazda if  by  the  grace  of  Auramazda 

I  did. 

6.  Says  Darius  the  king worshipf    Anrmazda: 


Eossowicz  retnarka:  "XoUttu  dlsnum  ' 
morum  il  atque  gloria  celebres  eitlUrant 
nneni  I—  mum,  commlliUiiiuiu  DomlLa,  vk 
memoriae  i 


nlai  duo.  Darlui 


Bcto,  Imperntorum,  qui  ar- 

Hyglaipl  nempe  et  Kapole- 

IQ  publlcls  monumeDtla 
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THE  SMALLER  IXSCRIPTIOXS  OF  BEHISTAN. 

A. 

Over  tlie  picture  of  Darius.* 

I  (am)  Darius,  tbe  great  king,  kiug  of  kings,  king  of  Persia,  king  of  tl 
countries,  the  son  of  Hystaspes,  the  grandson  of  Arshama,  the  Acha 
menide.  Says  Darius  the  king  my  father  (is)  Hystaspes,  the  father 
Hystaspes  (is)  Arshama,  the  father  of  Arshama  (is)  Ariyaramna,  tl 
father  of  Ariyaramna  (is)  Caispis,  the  father  of  Caispis  (is)  Achaemenc 
Says  Darius  the  king  therefore  we  are  called  Achaemenides;  from  loi 
ago  we  have  extended;  from  long  ago  our  family  have  been  kings.  Saj 
Darius  the  king  VlII  of  my  family  (there  were)  who  were  formerly  king 
I  am  the  ninth  IX;  individually  we  are  kings. 


B. 

■'  Under  Vie  prostrate  form. 


J-  ' 


This  Gaumata  the  Magian  lied;  thus  he  said;  I  am  Bardiya,  the  son 
Cyrus;  I  am  king. 

c. 

Oi-er  the  first  standing  figure. 
This  Atrina  lied:  thus  he  said;  I  am  king  in  Uvaja. 

D. 

Ocer  tJw  second  standing  figure. 

This  Xaditabira  lied;  tlius  ho  said;  I  am  Nabuk  (u)  dracara,  the  son 
Nabunita;  I  am  kiu^  in  Babylon. 

E. 

Ujion  the  garment  of  the  thinl  standing  figure. 

This  Fravartis  lied;  thus  he  said;  I  am  Khshathrita  of  the  family 
Uvakhshatara;  I  am  kiug  in  Media. 

F. 

Over  the  fourth  standing  figure. 
This  Martiya  lied;  thus  he  said;  I  am  Imanis,  king  in  Uvaja. 

♦  Cf.  I,  l-i 
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Over  the  fifth  itanding  Jigare. 
This  Citra(a)takhma  lied;  thus  he  said;  I  am  king  in  Sagartia,  of  the 
family  of  Uvakhshatara. 


Over  the  sixth  atanding  figure. 
This  Vabyazdata  lied;  thus  he  aaid;  I  am^Bardiya,  the  boq  of  Cyms; 
I  am  king. 


Over  the  leventk  standing  figure. 
This  Arakha  lied;  thus  he  said;  I  am  Nabuk  (u)  draiara,  the  sou  of 
Nabuuita;  I  am  king  Id  Babylou. 


Over  the  eighth  standing  figure. 
This  Frada  lied;  thus  he  said;  I  am  king  in  Margus. 


Over  the  ninth  itanding  figure.* 
This  (ie)  Saka(D)ka,  the  Sakian. 

•  Herodotus  meDtioDB  the  high  cap  which  vaa  peculiar  to  tbe  gBrb  of  tbe  StkiuiB.  It  la 
InWrestlDg  to  noto  that  the  Ogare  ii  represeot  od  tbe  stone  wearlDg  tbte  DatloDol  head-dress. 
iX,  plate,  opp.  page  zm. 
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THE  INSCRIPTION  OP  ALVEND. 

This  inscriptiott  is  engraven  upon  two  niehea  on  a  large  block  of  stono 
near  Uie  base  of  Mt.  Alveud.  Not  only  is  the  monumental  ftime  of  Da- 
riaa  perpetuated  by  the  Betiistau  mountain,  bat  in  different  parts  of  the 
Persian  empire  this  monarch  oaiiaed  to  be  inscribed  historic  records  of 
hia  reign-  At  Persepolis  the  palacea  declare  the  name  of  their  founder 
and  hie  prayers  for  the  protection  of  heaven.  To  Darius  beyond  all 
others  we  are  indebted  for  what  we  liave  of  the  Paleography  of  Persia. 
After  transLtting  the  inscription  indicated  above  I  shall  take  up  the  re- 
maining ones  of  this  king  at  PerHepoUs,  Suez,  etc. 

A  great  god  (is)  Auramazda  who  created  this  earth,  who  created  yondei 
heaven,*  who  created  man,  who  created  the  spirit?  of  man,  who  made  Da- 
riua  king,  one  king  of  many,  one  lord  of  many,  I  (am)  Darius  the  great 
king,  king  of  kings,  kingof  the  countries  possessingmany  kinds  of  people^ 
king  of  this  great  earth  tar  and  wide,  the  son  of  Hystuspes,  the  Achae- 
menide. 

*Aj)ll*n  [heaven')  Is  Utflrsll}-  a  ttont  as  se  Ymem  from  its  connate  [D  Sanskrit,  PmbBbl? 
the  Fersbuis  re^onlud  the  «liT  w  a  wild  dome :  d.  Ihe  H«brev  word  baqi  (*;KQeo,  LS).  and 
our  firi-imuenl  (flnaaaientum). 
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THE  INSCRIPTIONS  OF  StJEZ. 
A  crowned  head  ia  carved  upon  the  stone  together  with  the  legend: 


Darins  the  great  king,  king  of  kings,  king  of  the  ooontries,  the  S( 
Hystaspes,  the  Achaemenide. 


Above  are  a  dozen  lines  of  Persian  coneiform  text  the  translation  of 
which  follows. 


A  great  god  (is)  Anramazda,  who  created  yonder  heaven,  who  created 
this  earth,  who  created  man,  who  created  the  spirit  ?  of  man,  who  made 

Dariua  king,  whogave  the  kingdom  to  Darins;  what  great 

I  (am)  Dariua  the  great  king,  king  of 

kings,  king  ot  the  countries  possessing  many  people,  king  of  this  great 
earth  far  and  wide,  son  of  Hystaspes,  the  Achaemenide.  Saya  Darins 
the  king  I  am  a  Persian;  with  (the  help  of)  Persia  I  seized  Egypt;  I  com- 
manded to  dig  this  canal  *  from  the  Nile  by  name  a  river  which  flows 
in  Egypt  to  the  sea,  which  goes  from  Persia;  afterwards  this  canal  was 
dug  there  as  I  commanded 


•Of.  Herodotus  IV.  39.  Ai/ysj  Si  avtt/  (^  'Apapit/),  6v  Xijfovaa  d  fi*/ 
vottat,  ii  Toy  xoXttov  ray  'Apafiiov,  ii  toy  JapeitA  in  rav  NiiXav 
Bit^pvxa  iOijyaye. 

n— A.  &  L. 
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THE  INSCRIPTION  OP  LONDON. 

The  following  abort  mseription  can  be  seen  in  the  British  Museiini  ott  , 
a  iqrlinder  which  furnishes  a  flxie  specimen  of  gem  engraving.    A  warrior 
in  his  charriot  is  represented  as  att«cldng  at  full  speed  a  lion,*  the 
symbol  of  power.    Tliis  warrier  from  his  crown  we  can  interpret  as  King- 
Duitis.    Ho  holds  his  bow  ready  for  action,  while  the  charioteer  nrgeft  ( 
on  the  steeds.    This  cylinder  was  carried  to  England  from  Egypt.  I 

I  (am)  Darius  the  king.  I 


*  On  [be  Perstan  scuJuCiires,  tht>  lion  uid  liutl  occur  often,  as  i-inbli>ms  of  min-iit^ili.  Weta- 
phon  of  LlilHklnil  ore  frequent  In  nil  orlenia]  Ult^rnturi!.  tsmakini^allstoftbeeiilitolfiof  tbe 
sod  Indra  in  ILe  Veda.  I  vrat  Mrucli  nltb  the  n-pwatcd  comiviriMiDB  it  tbis  sort.  Howerer. 
tbe  Tedlc  poela  drew  from  Ilie  sUllJ  at  tbe  most  fertile  eoutci;  dF  inelapliun.  and  It  vaa  the 
Mar  Baiukril  wblcb  used  tbe  beotts  of  the  foniat  more  eitenslvely  for  that  purpose. 
(o.  s,  tbe  tiiKr  of  meu,  etc.)  Id  Btbhcal  literature  the  reader  ii>  referred  to  Ezekfel  i.  10. 
"Astorthe  UkeoeEaof  their  faces,  ttie;  tour  bail  the  faces  of  »  mui,  and  tbe  face  of  a  Uoa 
on  tbe  right  side."  Daniel  ylL  *.  ■•  The  Bm  bM  like  a  llan  aud  had  eegica  wings."  ThB 
familiar  uallonal  emblems  of  later  dato,  the  Bomaii  eagle,  the  BiitiEh  lloa,  etc.,  all  bad 
their  Dil^  La  Ibja  earl;  oonoepUon. 
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THE  IXSCRIPTIONS  OF  DARIUS  AT  PERSEPOLIS. 

The  inscriiitions  of  Persepolis  show  that  same  spirit  of  patriotism 
which  characterizes  the  record  on  Mt.  Behistan.  The  superiority  of 
Persia  over  the  provinces  of  the  empire  is  Set  forth  by  the  monarch  with 
the  purpose  of  elevating  the  feelings  of  his  countrymen  and  of  keeping 
alive  ever  in  their  hearts  the  love  of  country.  The  palace  of  Darius 
shows  the  ruins  of  several  apartments  with  externa!  chambers  which  were 
evidently  gnard-rooms.  The  roof  of  a  large  room,  fifty  feet  square,  was 
supported  by  pillars,  the  bases  of  which  remain  to-day.  This  edifice  is 
one  of  those  ruins  which  represent  the  combined  work  of  several  succes- 
sive Achaemenian  kingis.  All  the  structures  stand  upon  the  same  plat- 
form around  which  are  (treat  walls  of  hewn  stone.  Two  inscriptions  are 
found  above  the  wall  and  one  on  two  pillars,  which  read  as  follows: 


Above  the  toall  surroun'Ung  the  palace. 

The  great  Auramazda,  who  (is)  the  greatest  of  the  gods,  he  made  Darius 
king;  he  gave  to  him  the  kingdom;  by  the  grace  of  Auramazda  Darius  {is) 
king.  Says  Darius  the  king  this  (is)  the  country  Persia  which  Auram- 
azda gave  me,  which,  beautiful,  possessing  good  horses,  possessing  good 
men,  by  the  grace  of  Auramazda  and  (bythe  achievements)  of  me  Darius 
the  king,  does  not  fear  an  enemy.  Says  Darius  the  king  let  Auramazda 
bear  me  aid  with  (his)  fellow  gods  and  let  Auramazda  protect  this  coun- 
try from  an  army,  from  misfortune,  from  deceit ;  may  not  an  enemy 

oome  unto  this  country,  nor  an  army,  nor  misfortune  nor  deceit;  this  I 

pray  of  Auramazda with  (his)  fellow  gods;  this  let  Auramazda  give 

me  with  (his)  fellow  gods. 


Another  inscripiion  above  the  wall. 

I  (am)  Darius  the  great  king,  king  of  kings,  king  of  many  countries, 
the  son  of  Hystaspes,  the  Achaemenide.  Says  Darius  the  kmg  by  the 
grace  of  Auramazda  these  (are)  the  provinces  which  I  sulxlued  with  (the 
help  of)  that  Persian  army,  (and)  which  feared  me  (and)  brought  to  me 
tribute;  Uvaja,  Media,  Babylon,  Arabia,  Assyria,  Egypt,  Armenia,  Cap- 
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padocia,  Sparda,  Ionia,  which  (are)  of  the  dry  riand)  (and)  which  (are)  of 
tbeBea,and  the  proviaces  which  (are)  in  the  eaet,  Sa^rtia,  Parthia, 
Z&ra(n)ka.  Haraivu,  Bactria,  Sugda,  UTarazaniiya.  Thatagus,  Haraa- 
vatis,  India.  Ga(ii)dara,  Saka.  Maka.  Says  DariuH  the  king  if  thus  tbou 
shalt  think  "  may  I  not  fear  an  enomj,"  protect  this  Persiau  state;  if 
the  Fer^&n  state  shall  bo  protected,  moj-  this  goddess  (uamelj-)  this 
spirit  (of  patriotism)  for  a  long  time  unharmed,  descend  npuu  this  raoe. 


i 


Over  Vie  pWara  in  tlte  palac. 


DariiLs  the  great  king,  king  of  kings,  king  of  the  coantries,  the  son.  of 
Hystanpes,  the  Achaomonide,  who  boilt  this  palace. 


d 


Trmt.  WU.  Aead. 


ThiB  Tomb  ot  Darius. 
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THE  INSCRIPTION  ON  THE  TOMB  OP  DARIUS. 

Naqshi—  Rustam  is  the  burial  place  of  Darina. 

On  the  face  of  a  monntain  which  rises  to  the  perpendicular  height  of 
900  feet  are  cut  the  excavations  which  are  doubtless  tomba.  These  relics 
have  a  common  external  appearaace.  They  are  carved  into  the  rock 
fourteeu  feet  deep  in  the  form  of  a  cross  the  upright  section  of  which  is 
about  ninty  feet,  the  tranverae  division  about  fifty  feet.  Four  pilasters 
about  seven  feet  apart  ornament  the  tranverse  section,  in  the  midst  of 
which  is  the  door  of  the  tomb.  On  the  division  above  the  facade  of  this 
sepulchre  are  the  sculptures.  A  double  row  of  fourteen  figures  support 
two  cornices.  Two  bulls  form  the  pillars  at  each  end  of  the  upper  cor- 
nice. On  an  elevated  pedestal  of  three  steps  stands  a  flffure  dressed  in  a 
flowioK  robo  holding  his  bow  in  his  left  hand.  Withoutdoubt  this  is  the 
effigy  of  him  who  lies  buried  beneath.  Opposite  the  standing  form  on  a 
[vedestal  of  three  steps  is  an  altar  upon  which  the  sacred  fire  is  burning, 
while  above  ii  a,  disk  probably  representing  the  sun  of  which  the  fire 
blazingat  thoshrine  is  the  symbol.  Above  is  the  image  of  Anramazda. 
One  ot  these  structures  Ker-Porter  visited  and  with  great  difficulty 
explored  its  interior.  Although  he  was  not  able  to  read  the  inscriptiou, 
yet  he  conjectured  that  this  was  the  tomb  of  Darius.  I  quote  him  at  this 
point.  "  The  second  tomb  is  the  only  one  whereon  the  marks  of  an  in- 
scription can  be  traced;  but  over  the  whole  tablet  of  the  upper  compart- 
ment, letters  are  visible  wherever  they  could  he  introduced;  above  the 
figures,  between  them  and  the  altar,  along  the  side,  from  top  to  bottom,' 
in  short,  everywhere,  wo  see  it  covered  with  the  arrow-headed  characters 
and  in  good  preservation.  What  a  treasure  of  information  doubtless 
is  there  to  the  happy  man  who  can  decipher  it.  It  was  tautalizing 
to  a  painful  degree,  to  look  at  such  a  sealed  book,  in  the  very  spot  of 
mystery,  where  probably,  its  contents  would  explain  all.  But  it  certainly 
is  a  very  distinguishing  peculiarity  of  this  tomb  that  it  alone  should  con- 
tain any  inscription,  and  that  the  writing  on  it  is  so  abundant;  a  circum- 
stance that  might  warrant  the  supposition  of  this  being  the  tomb  that 
was  cut  by  the  express  orders  of  Darius  Hystaspes  to  receive  his  re- 
mains."  (Travels  in  Georgia,  Persia,  Armenia,  ancient  Babylonia  etc, 
etc.  by  Sir  Robert;  Ker-Port:er,  vol.  I,  p.  523). 

Before  translating  the  inscription  I  wish  to  call  the  attention  of  the 
reader  to  Herod  111.88.  npairov  >iiy  vw  ivitw  Ttmr/Ctiiiryoi  XiOiyov 
{Japeiii!)  ii>rt/6f.  Cai'"'  ^e  "'  iyf/v  t\y>/f)  laTfi);.  liriypatf.  Si  fpa'/i/iara 
Xcyoyrit  rtiSf.  ^a/iefoi  6  TdrttOTteoi  <Svy  re  rod  Ihikh'  rfj  rt'/ifrp  lal 
Ol/idoio^  ruii  ijtuoMolinv  iKrj}aaro  Tt/y  Hiii6ea)y  flitOiXt/ir/y. 
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A  great  god  is  Aoramasda,  who  created  this  earth,  who  created  yonder 

heavezi,  who  created  man,  who  created  the  spirit?  of  man,  who  made  Darius 

king,  one  king  of  many,  one  lord  of  many.  I  (am)  Darius  the  great  king 

king  of  kings,  king  of  the  countries  possessing  many  kinds  of  people, 

king  of  this  great  earth  tax  and  wide,  son  of  HystBSi>es  the  Aohaeme- 

_  • 

nide,  a  Persian,  the  son  of  a  Persian,  an  Aryan,  an  Aryan  ofiPspring. 
Says  Darius  the  king  by  the  grace  of  Auramazda  these  (are)  the  provinces 
which  I  seized  eSar  from  Persia;  I  ruled  them;  they  brought  tribute  to 

me what  was  commanded  to  them  by  me,  this  they  did; 

the  law  which  (is)  mine,  that  was  established;  Media,  Uvaja,  Parthia,  Har- 
aiva,  Bactria,  Suguda,  Uvarazamis,  Zara(n)ka,  Harauvatis,  Thatagus,  (>a- 
(n)dara,  India,  Sakae  Humavarkae,  Salcae  l^grakhaudae,  Babylon,  Assy- 
ria, Arabia,  Egjrpt,  Armenia,  Cappadocia,  Sparda,  Ionia,  Sakae  beyond 
the  sea,  the  lonians  wearing  long  hair,*  Patians,  Eusians,  Macians,  Kar- 

kians.    Says  Darius  the  king  Auramazda,  when  he  saw  this  earth 

afterwards  gave  it  to  me:  he  made  me  king;  I  am  king; 

by  the  grace  of  Auramazda  I  established  it  on  (its)  foundation;  what  I 
commanded  to  them,  this  they  did  as  desire  came  to  (lit.  was)  me.  If 
perchance  thou  shall  think  that  manifold  (lit.  a  manifold  thing)  are 
these  provinces  which  Darius  the  king  held,  look  at  the  picture  (of  those) 
who  are  bearing  my  throne,t  in  order  that  thou  mayst  know  them;  then 
to  thee  will  be  the  knowledge  (that)  the  spear  of  a  Persian  man  hath 
gone  forth  afar;  then  to  thee  will  be  the  knowledge  (that)  a  Persian  man 
waged  battle  far  from  Persia.  Says  Darius  the  king  this  (is)  what 
(was)  done;  all  this  by  the  grace  of  Auramazda  I  did;  Auramazda  bore 

me  aid  until  this  (was)  done;  let  Auramazda  protect  mo  from 

and  my  race  and  this  country;  this  I  pray  of  Auramazda;  this  let  Aura- 
mazda give  me:  O  man,  what  (are)  the  commands  of  Auramazda,  may  he 
(make  them)  revealed  to  thee;  do  not  err;  do  not  leave  the  right  path;  do 
not  sin. 


B. 

A  great  god  (is)  Auramazda  who made 

spirit?  of  man above  Darius  the 

king  

Says  Darius  the  king  by  the 

*Cf.  the  Homeric  xapT/HOfjosovres. 

t    The  northern  throne  of  the  great  palace  contains  five  tiers  of  ten  warriors  supporting 
the  platform  on  which  the  kinj?  is  represented  sitting,  surrounded  by  his  attendants. 
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grac6  of  Auramazda 


is  violence  . 

.  violence 


Gaubamva,  a  Fatisuvari&n,  apear-bearer  of  Darius  the  king. 


Aspticana,  quiver-bearerf ,  a  server  of  the  arrows  of  Darius  the  king. 


This  (is)  a  Macian. 
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THE  INSCRIPTIONS  OF  XERXES  AT  PERSEPOLIS. 


A. 

Upon  each  one  of  the  four  pillars  of  the  entrances  to  the  palace  of  Xe  rxes 

A  great  god  (is)  Auramazda  who  created  this  earth,  who  created  yonder 
heaven,  who  created  man,  who  created  the  spirit?  of  man,  who  created 
Xerxes  king,  one  king  of  many,  one  lord  of  many.  I  (am)  Xerxes  the  great 
king,  king  of  kings,  king  of  the  countries,  possessing  many  kinds  of  people, 
king  of  this  great  earth  far  and  wide,  the  son  of  Darius  the  king,  tha 
Achaemenide.  Says  Xerxes  the  great  king  by  the  grace  of  Auramazda,  this 
entrance  possessing  all  countries  I  made;  much  else  (that  is)  beautiful 
(was)  done  by  this  Persian  (people)  which  I  did  and  which  my  father  did; 
whatever  (that  has  been)  done  seems  beautiful,  all  that  we  did  by  the 
grace  of  Auramazda.  Says  Xerxes  the  king  let  Auramazda  protect  me 
and  my  kingdom  and  what  (was)  done  by  me  and  what  (was)  done  by  my 
father,  (all)  this  let  Auramazda  protect. 


B. 

Upon  the  pillars  on  the  western  side  of  the  palace^  where  Xerxes  is  repre- 
sented stawliug  with  two  dttentlants. 

Xerxes  tho  great  king,  king  of  kings,  the  son  of  Darius  the  king,  the 
Achaemenide. 

c. 

Upon  the  wall  by  the  stairs  nf  the  palace. 

A  great  god  (is)  Auramazda  wlio  created  this  earth,  who  created  yc^nder 
heaven,  who  created  man,  who  created  tlie  spirit  ?  of  man,  w' ho  made  Xerxes 
king,  one  king  of  many,  one  lord  of  many.  T  (am)  Xerxes  the  gi*eat  kin^^. 
king  of  kings,  king  of  the  provinces  possessing  many  kinds  of  people, 
king  of  this  great  earth  far  and  wide,  son  of  Darius  the  king,  the  Achae- 
menide. Says  Xerxes  the  great  king  by  the  grace  of  Auramazda  this 
palace  (lit.  seat)  I  made;  let  Auramazda  protect  me  with  the  gods  and 
my  kingdom  and  what  (was)  done  by  me. 


D. 

The  above  inscription  is  repeated  on  the  western  stairs  of  the  palace. 
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Upon  tJte  highest  pillar  near  the  southern  stairs. 
A  great  god  (is)  Aarmazda  who  created  this  earth,  who  created  yonder 
heaven,  who  created  man,  who  created  the  spirit  f  of  man,  who  made  Xerxes 
king,  one  king  of  many,  one  lord  of  many.  I  (am)  Xerxes  the  great  king, 
king  of  kings,  king  of  the  provinces  possessing  many  lands  of  people, 
king  of  this  great  earth  far  and  wide,  son  of  Darins  the  king,  the  Achae- 
menide.  Says  Xerxes  the  great  king  by  the  grace  of  Aura  •  Mazda  this 
palace  (lit.  seat)  Darius  the  king  made  who  (was)  my  father;  let  Aura- 
mazda  protect  me  with  the  gods  and  what  (was)  done  by  my  father 
Darius  the  king,  (all)  this  let  Auramazda  protect  with  the  gods . 


The  above  inscription  is  repeated  upon  the  walls  of  the  soatbem 
stairs. 


Upon  tfte  stairs  of  the  palace. 
A  great  god  (Lb)  Auramazda  who  created  this  earth,  who  created  yonder 
heaven,  who  created  man,  who  created  the  spirit?  of  man,  who  made 
Xerxes  king,  one  king  of  many,  ouelord  of  many.  I  (am)  Xerxes  the  great 
king,  king  of  kings,  king  of  the  provinces  possessing  many  kinds  of  peo- 
ple, king  of  this  great  earth  far  and  wide,  the  son  of  Darius  the  king, 
the  Achaemenide.  Says  Xerxes  the  great  king  what  (was)  done  by  me 
here  and  what  (was)  done  by  me  afar,  all  this  I  did  by  the  grace  of 
Auramazda;  let  Auramazda  protect  me  with  the  gods  and  my  kingdom 
and  what  (was)  done  by  me. 

*  XoMcE  ilint  the  Mro  members  of  thu  compound  sre  wpurateil.  In  tbe  Zend  Avestaire 
rvod  AHL-HA  uiEDA,  AiiLA  KlgniSpj'  lord  (CF.  RaDalcriC : AHi'RA.  Zend  abitra):  hazoa 
v.-e  coil  divide  into  uaz  ureal  |Cf.  SanaliHt  mauat.  LaC.    UAO-Nua.  Qolbic   hag,  Eng. 


The  foltowiog  ioscriptio 

A  great  god  (is)  Auramaztla.  who  (is)  Kreatost  of  the  gods.n 
this  earth,  who  created  yonder  heavou,whocreatediiiiiQ,whocroat6ii  the 
Bpirit?  of  man,  who  made  Xerxes  king,  one  king  of  miiii;,  one  lord  of 
many.  I  (am)  KcrxeA  the  great  king,  king  of  kings,  king  of  the  provinces 
posseitaing  many  kinds  of  people,  king  of  this  great  earth  far  and  wide  • 
the  sou  of  Darius  the  king,  the  Aehaemonide. 


THE  INSCRIPTION  UPON  THE  VASE  OP  COXJNT  OATLUa 


Tliis  vaae  contains  the  three  customary  forms  of  cnneifonn  writing 
imd  a  line  of  Egyptian  hieroglyphics.  Thie  relic  is  preserved  in  Paris. 
Four  fragments  of  similar  alabaster  vases  containing  the  same  quadri- 
lingoal  inscription  have  been  found  by  W.  K.  Loftus  in  Sasa,  and  are 
to  be  seen  to-day  in  the  British  Mnsenm. 

I  (am)  Xerxes,  the  great  king. 
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THE  INSCRlPnON  AT  VAN. 

This  inscriptioD  is  about  sixty  feet  from  the  plain  below,  engraven 
upon  a  aiche  in  an  enormoos  rock  which  rises  to  the  perpendicular 
heighth  of  one  hundred  feet: 

A  great  god  (is)  Auramazda  who  (is)  the  greatest  of  the  gods,  who 
created  this  earth,  who  created  ponder  heaven,  who  created  man,  who 
(jreated  the  spirit?  of  man,  who  made  Xerxes  king,  one  king  of  man7,one 
lord  of  many.  I  (am)  Xerxes  the  great  king,  king  of  kings,  king  of  the 
provinces  possessing  many  kinds  of  people,  king  of  this  great  earth  far 
and  wide,  the  son  of  Darius  the  king,  the  Achaemenide.  Says  Xerxes 
the  king  Darius  the  king  who  (was)  my  father  he  by  the  grace  of 
Auramazda  did  what  (was)  beautiful  to  a  great  extent  and  he  com- 
manded to  carve  this  place ?  he  did  not  make  the  inscription  In- 

acribed;  afterwards  I  commanded  to  inscribe  this  inscription;  let  Aura- 
mazda protect  me  with  the  gods  and  my  kingdom  and  what  (has  been) 
done  by  me. 


■    -  '      ■  '..*!■■  ■    ■  *     .  *  '  *   '■  '  ■  •  ■  .   »    k 


/••     ■ 
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THE  mSCBIFnON  OF  ABTAXEBXE8  L 

This  inacriptioii,  which  is  quAdrilingoal  is  engraYon  upon  a  vase  which 
is  preserved  in  the  treasury  of  St  Mark's  at  Venice.  ^ 

Artazerzes,*  the  great  king. 


THE  INSCRIPTION  OF  DARIUS  11. 


Above  the  poeU  of  the  window*  in  the  paJaee  at  PersepoHB. 

(This)  lofty  stone  stmctore  (has  been)  made  by  (one  belonging  to)  the 
race  of  Darins  the  king. 


THE   PECULI.VRITIES  OF  IXSCRIPTTONS  OF  ARTAXERXES 
MNEMON    AND    ARTA    XERXES  OCHUS. 

These  inscriptions  show  that  the  work  of  decay  had  already  begun  in 
the  grammatical  structure  of  the  language.  Such  careless  irregularities 
occur  in  them  that  I  wish  to  call  the  attention  of  the  reader  to  a  few 
before  I  begin  the  translation:  (1)  what  should  be  a  genitive  becomes 
attracted  into  the  nominative  on  account  of  proximity;  (2)  the  nomina- 
tive is  attracted  into  the  case  of  a  preceding  noun  for  the  same  reason, 
yet  allowing  the  predicate  to  be  in  the  proper  case;  (S)  the  nominative 
is  thrust  into  the  accusative  as  if  it  were  to  become  a  direct  object,  yet 
the  passive  construction  is  retained.  In  consequence  of  these  irregu- 
larities it  will  be  impossible  to  make  a  literal  translation  as  I  have  done 
heretofore,  but  I  shall  translate  as  if  the  regular  constructions  were 
employed. 

"'The  cuneiform  text  spells  tho  name  of  the  monarch  on  the  vase  ardakhcashoa.  This 
spelling  must  be  due  either  to  foreign  pronunciation  or  to  the  ignorance  of  the  workman^ 
Elsewhere  the  cuneiform  characters  give  the  regular  artailhshatra. 


■ 
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THE  INSCRIPTION  OP  AETAXERXES  MNEMON  AT  SUSA. 

This  inscription  is  upon  the  base  of  one  of  the  colamnB  in  the  ruins 
of  what  once  most  have  been  a  arrest  palace.  Much  of  this  building  was 
used  for  the  pavement  of  other  edifices  by  the  races  vhicb  in  after  time 
possessed  this  spot. 


I  (am)  Artaxerxes,  the  great  king,  king  of  kings,  the  son  of  Darius*  the 
king. 


Upon  the  base  of  a  pillar  in  a  large  row  of  columns.  This  palace 
seems  to  have  been  fashioned  after  the  model  of  that  of  Darius  at  Per- 
sepolis.  In  connection  with  this  edifice  it  is  interesting  to  refer  to  Dan. 
viii.  2.  "and  It  came  to  pass  when  I  saw,  that  I  was  in  Busa  (or  Shii- 
shan)  in  the  palace  "  etc. 

Say»  Artaxerxes  the  great  king,  king  of  Mugs,  king  of  the  countries, 
king  of  the  earth,  the  son  of  Darius  the  king;  Darina  (was)  the  son  of 
Artaxerxes  the  king;  Artaxerxes  (was)  the  son  of  Xerxes  the  king; 
Xerxes  (was)  the  son  of  Darius  the  king;  Darius  (was)  the  son  of  Hys- 

taspes,  the  Achaemenide;  this  building  Darius,  my  ancestor  made 

Artajterxes  (my)  grandfather Anakata 

and  Mithra by  the  grace  of  Auramazda  the  building  I  made;  let 

Auramazda,  Anahata  and  Mithra  protect  me 

*  DiRATiTUS  (Darius)  slthouKb  baTlns  a  stem  to  u  Is  treated  like  nouiu  whose  alenu  end 
Id  L  So  In  Prakrit  there  Is  a  stroDg  tenilencj  tor  the  so-called  first  declension  to  treepasa 
upon  the  others,  thus  breaklne  down  the  luurlera  which  were  obeerred  by  the  Sanskrit. 


A  great  god  (is)  Aiirama7,<ia  who  created  this  oarth,  who  created  yonder 
Leaveu,  who  created  niao,  who  created  the  spirit?  of  tnao,  who  made  me, 
Artaxerxes,  king,  oue  kis^  of  muay,  one  lord  of  many.  Says  Artaxerxes 
the  great  king,  king  of  kiugs,  king  of  countries,  king  of  the  earth.  I 
(am)  the  eon  of  Artaxerxes,  the  king;  Artaxorxes  (was)  the  son  of  Darios 
the  king;  Darius  (was)  the  son  of  Artoserxea  the  king;  Artaxerxes  (was) 
the  son  of  Xerxes  the  king;  Xersea  (was)  the  son  of  Darins  the  king; 
Darius  was  the  son  of  Hystaspes  by  name;  Hystaspea  was  the  son  of 
Arshama  by  name,  the  Achaemenide.  Says  Arta.xerxes  the  king  this 
lofty  atone  stmcture  (was)  made  by  me  during  my  reign  (lit.  under  me). 
Says  .^jtaxerxes  the  king  let  Auramazda  and  the  [god  llithra  ,protecfc 
me  and  this  country  and  what  (was)  done  by  mo. 
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THE  OLD  PERSIAN  LANGUAGE. 

We  have  now  trtmslatecl  all  the  iascriptions  of  the  Achaemenidea 
which  hftve  been  discovered.  Before  closiug  this  work  I  wish  to  speak 
a  word  for  the  Old  Persian  language.  Not  only  the  historian  feels  an 
interest  in  reading  the  records  written  by  the  monarchs  of  ono  of  the 
greatest  empires  of  past  ages,  but  the  philologist  recognizes  in  the 
speech,  which  has  been  preserved  to  us  through  the  ambition  of  these 
oriental  despots  another  offspring  of  our  mother-tongue.  Of  that  great 
sisterhood  of  languages,  to  which  our  own  speech  belongs,  the  Old  Per- 
sian is  a  moat  ancient  member.  In  its  grammatical  structure  it  most 
closely  resemblos  the  Vedic  dialect  of  the  Sanskrit  and  we  have  to  rely 
almost  entirely  upon  the  combined  help  of  the  Sanskrit  and  Zend  for  an 
under.standiug  of  its  vocabulary.  For  the  sake  of  illustration  I  add  a 
few  Old  Persian  words  with  their  cognates  in  the  other  members  of  our 


Old  Persian.  Sanskrit.     Zend.       Greek.       Latin.      Gothic.     English. 

AITA. 


ETAT. 

AETAD. 

ro. 

ISTE. 

THA. 

THE. 

UMRI. 

rPAEA. 

V^ifl. 

super. 

rPAB. 

OVER. 

TTAM. 

THWAM. 

6v  (tv). 

TO. 

THOU. 

GAM. 

OAM. 

VENIO. 

QDAM. 

COME. 

PITAB. 

PITA. 

mtrrip. 

PATER. 

FADAR. 

FATHER. 

In  its  phonetic  system  the  Old  Persian  showed  a  striking  analogy  to 
that  of  the  Greek  in  allowing  an  original  sibilant  to  pass  over  into  the 
aspiration,    s.  g.  ah  be  for  Skt.  as.;  so  iu  Greek  o  and  »)  for  Skt.  sas  and 

3A. 

k  few  peculiar  points  of  syntax  I  shall  note.*  The  nominative  is  some- 
times used  apparently  as  the  direct  object  of  a  verb.  The  instrumental 
assumes  a  temporal  sense  by  denoting  the  association  of  time  with  an 
event.  The  dative  has  disappeared  from  the  language  and  its  place  is 
taken  by  the  geuitive.  This  datival  genitive  is  simply  a  pregnant  use  of 
the  possessive  genitive  and  occurs  likewise  in  the  Prakrit  and  late  San- 
skrit,   e.  g.  KHSHATBAu  UAKA  PRABABA,  be  gave  the  kingdom  to  me  (made 

i»at  0][l  Ferslui syntax,  cp.  my  article  !□  the 
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it  mine  by  giving).  The  relative  pronoun  is  frequently  equivalent  in 
meaning  and  usage  to  the  Greek  article  agreeing  with  its  antecedent 
not  only  in  gender  and  number  but  also  in  case.  When  used  in  this  way 
its  independent  character  is  lost. 

The  imperfect  and  aorist  sometimes  appear  without  augment  as  often 
in  the  Veda.  With  the  loss  of  this  augment  they  sacrifice  their  peculiar 
character.  After  ma  prohibitive  the  sense  is  that  of  an  optative  or  im- 
perative. The  infinitive  often  expresses  purpose  as  the  dative  infini- 
tive in  the  Rig  Veda. 

The  participle  of  eab  do  regularly  takes  a  genitive  for  the  instrumen- 
tal, perhaps  on  accoimt  of  the  nominal  character  of  the  participle. 
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THE  EFFECTS  OF  CHANGES  IN  TEMPERATURE  ON 
THE  DISTRIBUTION  OF  MAGNETISM. 


By  HIRAM   B.  LOOMIS,  Ph.  D^ 

/tutmclor  in  Phytic*,  State  UnivertUt. 

The  following  paper  is  an  account  of  some  experimeuts  undertaken  to 
determine  more  accurately,  if  possible,  the  kind  of  change  which  takes 
place  when  a  magnet  is  heated  and  cooled.  An  extensive  investigation 
of  the  changes  in  magnetic  distribution,  moment,  and  permeability  is 
under  way  and  considerable  work  has  been  done  in  all  three  lines. 
Though  the  results  so  far  obtained  as  to  changes  in  moment  and  perme- 
ability are  not  deemed  complete  enough  for  publication,  the  investiga- 
tion as  to  the  changes  in  diHtribntiou  may  be  of  interest. 

The  subject  will  be  considered  under  the  following  heads: 
I.    Historical  Sketch. 
II.    Description  of  Apparatus  and  Experiment. 

m.    Calculation  and  Verification  of  Besults. 

rV.    Discussion  of  Results. 


*  About  1825,  Kupffer  magnetized  a  steel  bar  and  placed  it  in  a  water 
bath.  Near  it  he  suspeuded  a  magnetic  needle  and  determined  the 
period  of  300  swings  before  the  temperature  of  the  bar  had  changed. 
The  bath  was  then  heated  to  100°  C,  and  the  period  of  300  swings  again 
determined.  The  bar  was  alternately  heated  and  cooled  between  the 
same  limits  of  temperature,  and  determinations  of  the  period  were 
made.  His  results  may  be  summed  np  as  follows:  If  a  permanent 
magnet  bo  heated  al)ove  the  temperature  of  magneti nation,  its  magnetia 
moment  decreases.  Ou  again  cooling  the  moment  increases,  but  not 
enough  to  make  up  the  first  loss.  This  is  true  of  the  first  three  or  four 
heatings  and  coolings. 

t  Rioss  and  Moser'aLso  experimented  on  the  change  in  magnetic  moment 
by  Bivinging  magnets  in  the  earth's  field  and  determining  the  period  of 

•  Wie.ltfmniin'«  Eieclrlcitat  m..  p.  7S3. 
tRioaa  iind  Jlostr,  Pogjt,  .\nii.  ir,  p.  ISS.  1839. 
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vibratkxn.    For  needles  34  Itoes  lonff  tliQy  fbond  the  f oUowing  fomnola. 

held: 

r  =![  p.-0XXX]32A  (f -t)  dl 

where  I  and  r  are  the  intensities  of  magnetfaHition  at  the  temperatores 
t  and  f  on  the  Beamnr  soale,  and  d  la  the  diameter  of  the  magnets.  For 
needles  2  inches  long  the  mimerloal  factor  la  Oj000i32,  showing  that  the 
proportional  ohange  in  Inteoslty  of  magnetisation  is  greater  in  shorter 
magneta  Their  temperature  limits  were  (T  and  80**  R.  By  swinghut 
their  magnets  at  different  temperatures  they  fonnd  the  ohange  in  moment 
proportional  to  the  difference  in  temperature  as  is  shown  by  their  for- 
mula, whioh  is  to  be  applied  with  oaation  f <^  their  magnets  had  not 
been  brought  to  what  we  oall  the  permanent  state. 

In  1861,*  Lament  found  that  when  a  permanent  magnet  was  alto^- 
natdy  heated  and  cooled  fifteen  or  sixteen  times  between  fixed  limits 
of  temperatore,  it  reached  a  permanent  state  in  whioh  it  liad  a  definite 
magnetio  moment  for  a  given  temperature  and  always  returned  to  that 
moment  when  brought  to  the  corresponding  temperature,  provided  only 
it  had  never  paaned  beyond  the  temperature  limits  mentioned  above* 
Xhe  higher  the  temperature,  the  smaller  was  the  magnetic  moment. 

fProf.  G.  Wiedemann  has  made  some  careful  investigations  on  the 
influence  exerted  by  the  temper  of  the  steel  and  the  original  intensi^ 
of  magnetlgatian.  fle  used  bars  22  cm.  long  and  1^  cm.  in  diameter. 
Before  being  magnetized,  they  were  alternately  placed  in  melting  snow 
and  boiling  water  fifteen  times,  in  order  to  bring  the  steel  itself  as  far  as 
possible  into  such  a  state  that  alterations  in  temperature  would  produce 
no  structural  change.  The  bars  were  magnetized  in  a  coil  at  a  tempera- 
ture of  0".  They  were  then  carefully  placed  in  a  box  of  sheet  copper  be- 
fore the  needle  of  a  magnetometer  and  the  deflection  was  observed  by 
a  telescope  and  scale.  The  temperatures  of  0°  and  100"  C.  were  obtained 
by  means  of  melting  snow  and  boiling  water.  His  results  for  magnets 
that  have  reached  the  permanent  state  show  that  in  the  case  of  hard 
steel  magnets  the  change  in  moment  is  nearly  proportional  to  the 
moment  at  O"",  while  for  tempered  and  soft  steel  magnets,  the  ratio  of 
the  change  to  the  moment  at  0"*  C.  increases  with  the  moment.  As  his 
results  give  a  good  idea  of  the  size  of  the  changes  under  discussion,  I  ap- 
pend the  following  table  from  his  paper: 

*  LamoDt,  Pogyr.  Am.  82,  p.  440,  1851. 

t  G.  Wiedemann,  Pogg.  Am.  100,  p.  285,  1852;  ia%  p.  563,  1858;  123,  p.  855,  1664. 
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M. 

MlOO 

«. 

N, 

N.oo 

M„-M.„ 

Mo-M'o 

M„-N, 

N.-N„. 

M, 

M„ 

M„ 

N. 

I.    Hard  tfeel  bar. 

71.5 
134.5 

196, 

41.5 
S9.2 
134.3 

44.8 
96. 
146.2 

37.       33.2 
85,5     77,8 
133,3  'l20. 

0.420 
0,321 
0.311 

0,373      0.483 
0,286      0,364 
0.250      0.316 

0.108 
0.090 
0.100 

n.    Tempered  tteel  bar.  ' 

148,5 
219.5 
317. 

27.       30. 
107.2   114,5 
165.     179, 
339.     260.7 

1 

29,       27, 
HO.  3   101. 
172.      156, 
©1.2  326, 

0,386 

0.278 
0,249 
0,246 

0.318 

0.229 
0.184 
0,178 

0.341 
0.257 
0.216 

0,207 

0.0690 
0,0814 
0,0930 
0.1003 

Soft  tteel  bar,  No.  1. 

85. 
lil, 
193. 
209.5 

45. 
73,5 

10915 

38, 

68.5 
101, 
115. 

33.2 

57. 
78,5 
88,2 

0.471      

0.479     

0.487      

0.477      

0.553 
0,514 

0,478 
0.451 

0,126 
0,168 
0.223 
0,233 

Soft  iteel  bar,  No.  2. 

95.5  1  49.7 
136.5     73, 
m.8     92.5 

54.2 
81.5 
1083 

45. 
93:4 

39, 

59. 
76, 

0,479 
0,465 
0,471 

0.432 

o.im 

0.378 

0,529 
0.495 
0.466 

0.133 
0.145 
0,186 

Very  ao/t  ateel  bar  which  had  been  heated  and  slowly  cooled  nw 

tiff  timet. 

34.5 
54.5 
76. 
103.3 
113.5 

37, 

58. 
82. 
116,5 

131. 

0.330 
0.323 
0,328 
0.353 
0.373 

0,282 
0.279 
0.274 
0,270 
0,277 

Mg  is  the  iBtensity  of  magnetizatioa  before  any  change  in  tempera- 
ture has  taken  place;  M,eoi  when  flrat  heated  to  100"  C;  M'oi  after  being 
again  cooted  to  0°  C.  Ng  and  Nigg  are  the  intensities  of  magnetiza- 
tion at  the  temperatures  indicated  by  the  subscripts  after  the  magnet 
has  been  heated  and  cooled  fifteen  times. 
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With  reference  to  the  theory  of  these  changes  Prof.  Wiedemann  says: 
**  Besides  the  permanent  e£fect  due  to  an  alteration  in  temperature  there 
is  a  temporary  change.  Each  heating  diminishes  the  permanent  mo- 
ment of  the  molecules.  Moreover,  for  the  time  being,  it  loosens  the 
particles  of  the  body  and  lessens  the  strain  in  which  they  have  been 
placed  by  the  action  of  external  forces,  therefore  they  return  a  little 
toward  their  first  i)osition  of  equilibrium,  in  which  they  were  held  by 
the  forces  acting  between  them  before  the  external  forces  came  into 
play.  Heating  thus  diminishes  the  magnetization  temporarily,  but  on 
cooling  the  molecules  return  to  their  former  position  and  the  lost  mag- 
netization is  regained.  i 

"  We  can  produce  entirely  analogous  phenomena  if  we  change  the 
temperature  of  bodies  which  have  suffered  a  change  of  form  (tortion)  as 
a  result  of  the  mechanical  forces,  and  observe  the  increase  and  decrease 
of  this  on  heating  and  cooling." 

♦Barus  and  Strouhal  carefully  distinguished  the  mechanical  efiPect  of 
heating  from  the  purely  magnetic  effect.  They  found  that  a  temperature 
20*  or  30'  C.  above  that  of  the  water  in  which  a  glass  hard  steel  rod  was 
dipped  in  hardening  produced  quite  perceptible  annealing  effects.  This 
change  in  the  hardness  of  steel  would  naturally  affect  the  magnetiza- 
tion. 

According  to  their  exprriments,  if  a  glass  hard  steel  rod  is  thoroughly 
annealed  by  being  kept  at  the  temperature  of  boiling  water  for  a  day  or 
two  and  then  magnetized  to  saturation  at  the  temperature  of  the  room, 
the  loss  in  magnetism  on  being  heated  to  the  boiling  point  is  rela- 
tively small  and  is  nearly  independent  of  the  time  it  is  kept  there. 
Nearly  the  whole  change  takes  i)la(;e  during  the  first  ten  minutes.  On 
the  other  hand,  if  the  bar  is  not  first  annealed,  the  change  is  much 
larger  and  is  not  complete  after  twenty -two  hours  heating. 

We  pass  uow^  to  investigations  on  changes  in  distribution  due  to  tem- 
perature changes.  This  field  has  .not  been  extensively  worked.  These 
two  investigations  are  all  that  could  be  found. 

tKupffer  determined  at  two  different  temperatures  the  period  of 
vibration  of  a  short  needle  placed  opposite  different  parts  of  a  long 
magnet,  and  found  the  proportional  change  in  distribution  greater  at 
the  ends  than  in  the  middle  of  the  bar.  All  his  measurements  were 
made  before  the  bar  had  reached  the  permanent  state. 

JPoloni  mea^sured  the  distribution  at  various  temperatures,  by  slip- 
ping a  coil  from  different  parts  of  the  magnet  to  such  a  distance  that 
the  magnet  exerted  practically  no  effect,  and  measuring  the  quantity 
of  electricity  thus  induced.    He  w^orkod  between  temperatures  0'  and 

*Bull  V.  S.  Ool,  Sur.  No.  14.  p.  151. 

+  Kui)pfer,  !*();?>■;.  Ann.  1*^.  i>.  l^W. 

;  Poloni,  Bcihl.  5,  p.  8t>^.    Atti  della  U.  Acad,  del  Liucei  5,  p.  2C2,  1881. 
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200°  C,  asing  an  oil  bath  to  obtun  hiB  high  temperatures.  The  changes 
were  qoito  regular  between  0'  and  180'  C.,  but  were  very  large  near  190°  C 
Between  0"  and  180'  C.,  he  found  that  the  following  formula  held: 


where  M  is  the  induction  in  the  magnet  at  a  dJHtaace  x  from  one  of  the 
ends;  1,  the  length  of  the  magnet;  A,  a  quantity  depending  only  on  the 
temperature,  while  K  is  sensibly  constant  for  a  given  magnet. 


11,      DESCRIPTION  OF  APPABUTDS  AXD  EXPEBIUENT. 

The  determination  of  the  reason  for  and  laws  governing  the  increase 
and  decrease  in  magnetism  from  changes  in  temperature  forma  an  inter' 
esting  problem,  and  the  investigation  was  undertaken  in  the  hope  of 
throwing. new  light  on  the  subject.  The  apparatus  employed  was  sug- 
gested by  Prof.  Rowland,  under  whose  direction  the  investigation  was 
conducted,  and  will  be  best  understood  from  the  diagram  on  plate  XI. 

A  and  B  are  two  cylindrical  soft  steel  magoets  {Stub's  steel  of  the 
same  temper  as  when  purchased)  30.1  cm.  long,  and  OJ>l}  cm.  in  diameter. 
They  were  magnetized  to  saturation  in  a  coil,  the  magnetic  oircait  being 
completed  by  an  iron  casting,  whioh  happened  to  be  of  suitable  size  and 
sliape.  They  were  then  brought  to  the  permanent  state  by  alternate 
heating  and  cooling.  In  both  ends  of  each  holes  were  bored  and  threads 
cut.  The  depth  of  these  holes  in  magnet  A  was  8  mm.  at  each  end.  Id 
magnet  B  the  hole  at  the  south  end  was  II  mm.  deep,  ttiat  at  the  north 
end  T  mm.  In  the  experiment  the  magnets  were  placed  perpendicular 
to  the  earth's  field. 

Pieces  of  brass  rod  H  H  H  H  of  the  same  diameter  as  the  magnets  were 
screwed  into  their  ends  and  acted  as  guides  for  the  two  coils  (to  be  de- 
scribed presently),  so  that  after  they  had  been  slipped  off  the  magnets, 
they  could  be  slipped  baclt  again  without  trouble.  DD  is  a  brass  rod 
about  1.5  metres  long,  holding  the  two  magnets  together  in  the  position 
shown  in  the  figure.  CC  are  pieces  of  non-conducting  material  to  keep 
the  magnets  from  changing  temperature  by  conduction  along  the  rod 
DD. 

E  and  F  are  two  coils  of  very  fine  wire  wound  on  paper  tubes  which 
just  fit  the  magnets.  They  consisted  of  150  turns  (five  layers  of  thirty 
turns  each),  and  were  about  7  mm.  wide.  Their  frames  were  joined  by  a 
brass  rod  PP,  of  such  length  that  when  the  coil  E  was  at  the  center  of 
the  magnet  B,  the  coil  P  was  also  at  the  center  of  the  magnet  A.    By 


I 


/ 


S78         ITtMOftm  Aeademff  of  Sdences^  ArU  and  Letkrs. 

means  of  ihlB  rod  they  ooald  be  moved  abimltaaeoiialy  over  oorreepond- 
ing  pottloiui  of  tbo  two  magneta  At  Q  is  a  gauge  which  fegnlatea  the 
distanoe  the  ooils  are  moved  at  a  time,  so  that  as  th^jrare  moved  step  faj 
step  from  one  end  of  the  bar  to  the  other,  the  steps  will  be  of  equal 
length.  By  loosening  a  screw  the  ooils  may  be  moved  from  the  middle 
of  the  magnet  to  either  end  at  one  step. 

The  cross  sections  of  two  pyHndrlfial  doable  boxes  made  of  sheet  adno 
are  indicated  at  8  and  T.  At  K  K  are  openings  in  whioh  oorlm  holdlxis 
thermometers  were  inserted.  At  L  L  are  openings  into  tiie  qiaoe  be- 
tween the  two  parts  of  the  doable  box.  Through  these  a  corrent  of 
steam  or  cold  waterwas  passed  to  keep  the  spaoe  containing  the  magneta 
at  the  requisite  temperatnxe.  The  temperatores  employed  were  14**  and 
99j5*  O.  The  water  used  to  produce  the  lower  temperature  was  city  water 
direct  from  the  fsiioet.  A  ftdrly  constant  temperature  was  easily  main- 
tained. MN,  M  N,  are  openings  by  which  the  magnets  were  introduced 
and  through  whioh  the  bars  D  D  and  FP  passed.  Th^  were  about  2j6 
esL  in  diameter  and  20.  cm.  long,  und  were  stuffed  with  cotton,  the  bet- 
ter to  m^tnfai^w  thie  temperature  of  the  interior. 

The  ezploriflg  coils,  an  ordinary  astatio  galvanometer  of  low  resLstanoe^ 
an  earth  inductor,  and  a  resistance  box  were  connected  up  in  series.  At 
first  the  exploring  ooils  were  so  Joined  tliat  tlie  currents  produoed  1:^ 
moving  them  opposed  each  other.  Beginning  at  the  middle  of  tlie  mag- 
nets the  coils  were  moved  step  by  step  to  one  end,  the  throw  of  the  needle 
being  observed  for  each  step.  The  coils  were  moved  so  far  in  the  last  mea- 
surment  that  practically  no  lines  of  induction  passed  through  them  as  was 
determined  by  experiment.  Similar  observations  were  made  for  the  other 
half  of  the  magnets.  This  gives  the  excess  of  the  number  of  lines  of  in- 
duction passing  from  a  certain  section  of  one  magnet  into  the  air  over 
that  passing  out  of  a  corresponding  section  of  the  other  magnet,  that  is 
the  difference  of  distribution  of  magnetism  in  the  two  magnets.  These 
measurments  are  taken  first  (say)  when  A  and  B  are  both  at  l^'^C,  and 
and  again  when  A  is  at  l^'C,  but  B  at  Q0.°5  C.  The  difference  between 
the  two  sets  after  they  have  been  reduced  to  the  same  scale  by  the  earth 
inductor  readings  is  evidently  the  change  in  distribution  in  B  due  to 
the  change  in  the  temperature.  By  this  method  the  quantity  observed 
is  of  about  the  same  magnitude  as  the  quantity  we  desire  to  obtain. 

To  get  the  distribution  of  magnetism  of  the  bars,  the  difference  in  dis- 
tribution was  first  measured  as  above  at  the  lower  temperature,  then 
the  connections  of  the  coils  were  changed  so  that  the  induced  currents 
were  in  the  same  direction  and  the  sum  ]of  the  distributions  was  meas- 
ured in  a  similar  way.  In  this  case  extra  resistance  had  to  be  added 
from  the  resistance  box  to  keep  the  readings  on  the  scale. 
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III.     OALCULATIXO  OP  BESULTS. 

The  formnla  for  the  ballistic  galTanometer  is 

where  Q  is  the  quantity  of  electricity;  k,  a  coustant  factor;  and  2  the 
aogolftT  throw  of  the  needle.  The  observations  were  made  with  telescope 
and  scale.  Callingdthe  observed  throw  and  r  the  distance  of  the  mirror 
from  the  scale. 


I    [    1^3«    (1)5.    ] 


this  formola  was  used  in  reducing  the  large  readings. 

The  earth  inductor  readings  were  taken  frequently  and  were  sub- 
stantially the  same  throughout  the  experiment.  The  throw  of  the  nee- 
dle due  to  the  earth  inductor  when  both  magnets  were  at  11°  C.  was  39.5 
scale  divisions;  when  one  magnet  was  at  99. '3  C.  and  the  other  at  11°  C, 
it  was  37  J.  The  average  throw  due  to  slipping  the  exploring  coils  over 
a  certain  portion  of  the  magnets  when  one  was  hot  and  the  other  cold, 
was  mnltiplies  by  |f  S^^-^^  ^"^  rednce  to  the  scale  of  readings  taken 
when  both  ma^ets  were  cold.  Corresponding  readings  were  then  sub- 
tracted, giving  the  change  In  distribution  in  termsof  the  scale  divisions. 
The  reduction  to  absolute  measure  was  as  follows:  The  effective  area  of 
the  earth  inductor  as  determined  by  previous  observers  is  20,716  sq.  cm. 
The  value  of  the  horizontal  component  of  the  earth's  field  at  and  near 
the  position  in  which  the  earth  iuductorwas  placed  has  been  determined 
by  numerous  observers,  and  by  various  methods,  and  may  safely  be 
taken  as  within  1  per  cent,  of  0.  2  C.  O,  S  units.  The  total  number  of 
lines  of  induction  cut  by  turning  the  earth  inductor  was  2  H  A^S,28C.i. 
As  the  throw  was  .39.5  scale  divisions,  each  division  corresponded  to 
8,286.4 ->  (39.5  X  150)  =  1.398  C.  G.  8.  lines  of  induction.  The  factor  IQO 
is  due  to  the  150  turns  of  the  exploring  c«ils.  The  change  in  distribu- 
tion in  scale  divisions  obtained  above  was  then  multiplied  by  1398 
giving  the  change  in  linear  distribution  in  C.  G.  S.  linos  of  induction 
per  2.17  cm.,  that  being  the  distance  the  coils  were  moved  at  each  step. 
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In  determining  the  difference  in  distribution,  the  angles  observed  were 
quite  small.  The  largest  was  less  than  2*,  making  the  angular  throw  of 
the  needle  less  than  1"*.    The  deflections  in  scale  divisions  were  there- 

fore  taken  as  proportional  to  sin  jy.    The  error  in  the  case  of  the  largest 

reading  would  not  exceed  one  part  in  3,500.    The  error  in  the  result  is 
still  less,  as  it  is  obtained  by  subtracting  two  throws. 


Specimen  Calculation. 


Magnet  A. 
Middle  to  North  End. 

Steps. 

Average 

observed 

throw  at 

14^  C. 

Average 

observed 

throw  at 

99.'5  C. 

Corrected 

throw  at 

99.^5  C. 

Difference 
in  distribu- 
tion in 
scale 
divisions. 

DiSPerence 
in  distribu- 
tion in 
C.  G.  S. 
lines  of 
inductions. 

I 

18.0 
18.4 
11.8 

-7.2 
34.3 
42.0 

-  4J>.() 
-  .•).! 

17.5 

18.1 

12.0 

4.2 

--27.2 
-   27.7 

-111.4 

O    '» 

mm   ,   ^d 

18.3 

18.9 

13.2 

4.4 

-28.1 

-    2S.9 

20.3 

2.3 

0.3 

--  0.5 

-  1.4 

2.8 

r>.9 

13.1 

-  -2S .  7 

-  3.1 

1 

0.4 

II 

0.7 

Ill 

V-:::: 

VI 

VII 

End 

-  2.0 
3. a 
8.3 

-  18.3 
—40.2 

i        -  4.3 

In  finding  the  sum  of  tho  disiributious  it  was  found  necessary  to  make 
use  of  the  formula  given  on  p.  279,  because  tlio  angles  were  too  largo  to 


^ 


take  sin  ^  proportional  to  tan  2  5.    The  corrected  readings  were  re- 

duced  to  absolute  measure  in  tlie  way  just  (le.scril)ed.  We  have  now  the 
sum  and  difference  of  the  linear  distribution  of  the  two  magnets.  One- 
half  the  sum  plus  one-half  the  difference  gives  the  distribution  of  one» 
one-half  the  sum  minus  one-half  the  difference  gives  that  of  tho  other. 
The  distributions  at  the  higher  temperature  were  obtained  by  subtract- 
ing the  change  in  distribution  due  to  tlie  heating. 

The  induction  at  each  point  of  the  miignet  wa^  obtained  by  ad  ding- 
up  the  number  of  lines  of  induction  passing  out  of  the  magnet  beyond 
the  point  in  question. 
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Tables  of  tbe  results  for  msfrneta  A  and  B  &re  ffiven  on  paces  282-83. 
The  Sret  cvslanm  gives  the  distance  of  the  exploring  coils  from  the  cen- 
ters of  tbe  magnets  at  the  end  of  each  step.  The  second  and  fourth 
columns  gives  the  number  of  C.  G.  S.  lines  of  induction  passing  out  from 
the  majrnet  at  14°  aod  99.°S  C.  respectively  in  the  step  of  the  coil  shown  in 
the  first  column.  The  third  column  gives  the  change  in  distribution.  The 
fifth  and  sixth  columns  gives  the  magnetization  at  the  two  tempera- 
tures, i.  e,  the  number  of  C.  O.  8.  lines  of  induction  per  square  centime- 
ter passing  tlirough  the  magnet  at  the  point  indicated.  The  seventh 
column  gives  the  proportional  change  in  magnetization  at  different 
points  of  the  magnet. 

In  the  fifth  and  sixth  columns  two  values  are  given  for  the  center  of 
tbe  magnet,  calculated  from  the  two  ends,  and  serve  to  indicate  the  de- 
gree of  accuracy  attained.  The  variation  is  considerably  leas  than  one 
per  cent.  The  second  and  third  columns  from  which  all  the  others  are 
calculated  give  the  means  of  at  least  five  or  six  separate  determinations, 
which  agree  well  among  themselves.  The  results  were  further  checked 
by  slipping  the  coils  from  the  middle  of  the  magnet  clear  off  each  end 
at  both  temperatures.  The  variatioa  between  this  measurement  and 
the  others  was  always  less  tbaii  one-half  of  one  per  cent.  This  was  con- 
sidered quite  good  as  it  is  impossible  to  slip  tbe  coils  over  this  whole 
distance  at  the  same  rate  at  which  they  were  slipped  over  the  small 
divisions. 

In  plate  XI  our  results  are  shown  graphically.  Tbe  full  lines  give  tbe 
distribution  at  11 '  C  and  99.°3  C.  The  dotted  lines  give  the  change  in 
distribution  due  to  this  change  in  temperature.  The  scale  of  ordinates 
In  the  last  curves  is  ten  times  that  of  the  distribution  curves. 

In  addition  to  the  checks  npon  accuracy  already  meatioaed,  the  fob 
lowing  entirely  independent  determinations  of  the  magnetic  moments 
of  the  two  magnets  were  made.  In  the  tables  of  distribution  pp.  282-^  we 
are  given  tbe  uuml>er  n  of  lines  of  induction  issuing  from  little  divis- 
ions of  the  bar,  as  well  as  tbe  distance  d  of  these  divisions  from  tbe 
center  of  tbe  magnet.  A  first  approximation  to  the  moment  is  given 
by  tbe  formula: 


1 


2  nd. 


Diatanoe 

from 
center  of 
magnet. 

Distribu- 
tion at 
U"C. 

Ch&U|;raii> 
distribu- 
tion. 

Distribn- 
tion  at 
90*5. 

1.4 

Induction 
at  14-  C. 

Induction 
at99'£. 

"^^ 

70.1 

—  4,3 

65. B 

296. 

278, 

428.5 

^.2 

388.3 

13.03 

2106, 

1918, 

089 

2S5.4 

-is. 3 

267. 1 

3300. 

3014. 

201.9 

..._.... 

196.6 

4175. 

3875, 

146.8 

—  3.9 

142.fi 

1795. 

4479, 

91.3 

—  2.0 

89.2 

5180. 

4586. 

66.6 

—  0.7 

65.9 

5419, 

(5498, 
15453. 

5092 

(5169) 

18-a 

—  0.4 

18.2 

0 

-n.9 

0. 

—  17.9 

5377. 

BOBO. 

—  55.6 

+  6.4 

—  55.1 

5143. 

isis. 

—  96.9 

-t-  2.5 

—  94,1 

4734. 

uao. 

—142.1 

+  3.2 

-138.9 

iiat. 

.SSSl. 

-199.9 

+  6.2 

—193,7 

3289- 

3015. 

-2T6.3 

-fU.8 

—261.5 

2133. 

1910. 

—132.6 

-t-39.2 

—393.1 

294. 

217. 

—  69.7 

4-11.2 

-  58.5 
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matance 

from 
oenter  of 
magnet. 

Distribu- 
Uon  at  14" 

Change  in 
distribu- 
tion. 

Distribu. 
tion  at 
99.''6. 

1.4 

Induction 
at  14°. 

Induction 
si  99.'5. 

^^- 

61.0 

—    3.9 

+    57.1 

258. 

242. 

359.5 

—  39.6 

4-  319.9 

1777. 

1594. 

227.6 

-  15.1 

-1-  212.5 

2738. 

2491. 

159.7 

—    6.0 

+  153.7 

3413. 

3141. 

139.4 

—    3.4 

+  136.0 

6.51 

4002. 

3716. 

106.1 

—    2.1 

■1-  106.0 

4468. 

4163. 

81.4 

—    1.5 

+     80.0 

4802. 

4501. 

43.5 

—    0.1 

+    43.4 

(4986. 

J  4050. 

(4685. 
f4650. 

3.6 

+    0.7 

+      4.3 

2.17 

4965. 

4663. 

oeo 

—    36.2 

+     1.1 

-    35,1 

4812. 

4520. 

—    79.8 

+     2.0 

—    77.8 

4475. 

4191. 

—  128.3 

+     2.4 

3933. 

3659. 

069 

—  188.6 

-f-    6,6 

—  182.0 

3136. 

2890. 

-  266,3 

+  19.0 

—  247.3 

13  03 

2011. 

im'.' 

1845, 
277" 

-  406. i 

+  35.4 

-  371.0 

-    C9.7 

+    4.1 

—    65.6 

ii^«-;.  •"..  ■.:"^- ■-:,       ■■.■■■■■.      ■   ■     ...''  ■".  ■•■■:o.      '  ■'.■■•■'     ■  ■■■    ■        '-^v 
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To  this  valae  the  following  ooireotton  was  added:    If  A  B,  in  Fig.  1^ 
is  the  length  of  one  of  these  divisions  of  the  magnet,  and  C  D  a  part  of 


Pio.1. 


the  distribation  oorve  supposed  to  be  straight,  then  the  area  A  B  D  O 
represents  the  number  of  lines  of  induction  issuing  from  the  magnet 
in  the  length  A  B.  Let  F  be  the  oenter  of  gravity  of  the  triangle 
O  E  D.  It  is  evident  that  the  portion  of  the  distribution  represented 
by  the  triangle  should  be  multiplied  by  the  abscissa  of  F,  not  of  H, 
therefore  a  correction 

« 

2;  area  of  C  E  D  X  G  H 

was  added  to  the  summation  already  given.  From  this  calculation  the 
following  results  were  obtained: 


Ml* 

M»»8 

Mi4— M„5    ... 

Mi4  — M^m  ... 
M,4 


Magnets. 

Moment  at  U'  C 

Moment  at  OO.'^S  C . . . , 
Loss 

Proportional  loss 

Intensity  at  14"  C 

Intensity  at  OO.^S  C . . . . 


A. 


2298 

2140 

158 

0.0687 

322 

300 


B. 


2oea 

2018 
142 

0.0689 

289 
283 
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Tbe  mafpietie  momenta  were  also  determined  by  swinging  the  magnets 
at  the  two  temperatures  in  a  Itnown  field.  Tbe  experiments  were  per- 
formed witb  great  care  and  gave  the  following  results: 


Magnets. 

A. 

B. 

2359 
2197 
166 

0.0686 
339 
316 

m1;;::::::;::: 

m"*m;;, 

M,4— M,,  , 

0.0687 

298 

Tbe  difference  between  these  two  sets  of  valnes  is  considerable,  in  the 
case  of  magnet  A  the  variation  amonnts  to  two  per  cent.  TbLs  may  be 
due  to  tbe  fact  that  only  an  approximation  could  be  made  to  the  mo- 
ments of  inertia  of  the  magnets  because  of  the  holes  in  the  ends,  where 
a  slight  error  would  affect  the  result  materially,  the  distance  from  the 
center  being  15  cm.  The  moments  of  inertia  were  calculated  by  divid- 
ing the  magnet  into  two  parts,  an  inner  core  and  an  outer  shell  extend- 
ing beyond  the  core  at  both  ends.    On  the  other  hand  it  is  to  be  noticed 


ttiat  the  ratios  - 


-~M,., 


differ  by  less  than  one  part  in  300.    In  this 


ratio  the  moment  of  inertia  of  the  magnet  is  eliminated.    I  think  on 
the  whole  that  the  accuracy  of  the  work  is  fairly  well  shown. 


IV.     DISCUSSION  OF  BESCLTS. 


The  result  of  the  experiment  may  be  stated  as  follows:  If  a  magnet 
be  heated  after  it  has  been  brought  into  tbe  permanent  state,  the  pro- 
portional loss  in  distribution  is  greatest  at  the  ends  and  least  in  tbe 
middle.  A  Rlance  at  thetableonpBges282-S-t,orBt  the  curves  on  plate  XI, 
will  show  this.  The  same  fact  may  be  stated  in  other  words  as  follows: 
The  proportional  change  in  the  number  of  lines  of  induction  passing 
through  a  cross-section  of  the  magnet  is  greater,  the  nearer  the  section 
is  to  the  end,  as  is  shown  by  column  seven  in  the  table  on  page  282-83.  This 
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is  different  from  tlie  result  obtained  by  Polotii,  who  fouud  the  propor- 
tiocaJ  chan^  seusibl;  constaut  throughout  the  magnet.  It  could  not 
be  eikpected  that  the  small  difference  noticed  here  could  be  detected  Iry 
his  method  which  consisted  la  mensuiin^  two  larga  quautities  aod  sub- 
tracting them  in  order  to  obtaiu  a  small  difference.  In  the  method  em- 
ployed in  this  resuarcb  the  quantities  measured  differed  but  Uttle  in 
size  from  the  quantities  desired,  and  much  greater  accuracy  is  easily 
obtained. 

I  mould  suggetHt  the  following  explanation:  Prof.  Ewing  baa  recently 
made  an  important  addition  to  Weber's  theory  of  ma^etlsm.  He 
says  the  forces  which  hold  the  little  molecular  magnets  in  position  are 
largely  the  mutual  attractions  Find  repulsions  of  these  molecular  magnets 
themselves.  In  applying  Ening's  theory  to  the  case  in  hand,  let  us  con- 
sider a  row  of  magnetic  molecules  ABC,  etc. 


J  Is  held  in  position  by  the  action  of  H  I,  etc,  on  the  one  9id«  and 
K  Zi.  etc.,  ou  the  other,  while  A  has  only  B  C,  etc,  to  not  upon 
it.  It  is  evident  that  the  force  holding  J  in  position  is  greater 
than  that  acting  on  A.  Suppose  the  bar  of  which  this  line  of 
moIeciUes  is  a  port  is  heated.  If  in  this  process  tho  onorny  of 
vibration  of  A  and  J  receive  equal  increments,  it  is  evident  that  the 
bjcrease  of  amplitude  of  A  will  lie  greater  than  that  of  B.  Now  the 
magnetic  moment  contributed  by  each  moleoole  is  the  moment  of  the 
molecule  resolved  along  the  direotion  of  magnetization  of  the  bar.  The 
moment  contributed  by  A  would  suffer  a  larger  proportional  loss  than 
that  contributed  by  J,  and  so  the  loss  would  be  greatest  at  the  ends. 

There  are  other  facts  pointing  in  this  direotion,  e.  g.,  when  a  magnet 
is  heated  before  it  has  reached  the  permanent  state,  Kupffer  found,  as 
already  stated,  that  the  proportional  permanent  loss  was  greatest  at  the 
ends.  In  some  rough  tests  I  have  made  on  this  point,  heating  the  bar 
almost  to  redness,  I  have  found  the  proportional  loss  at  the  ends  nearly 
twice  as  great  as  at  the  center  of  the  bar.  Tias  would  naturally  follow 
from  the  supposition  made,  for  the  force  holding  the  end  molecules  in 
position  being  less,  they  are  more  easily  set  in  such  violent  vibration  as 
to  swing  out  of  one  position  of  equilibrium  into  another. 

I  am  tempted  to  add  a  single  remark  on  another  part  of  t^e  investiga- 
tion. In  every  case  tried  so  far,  the  area  of  the  cycle  of  magnetization 
(the  largest  magnetizing  force  being  the  same  for  all  temperatorea)  is 
always  smaller  for  the  higher  temperature.    I  have  only  experimented 


I 
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oa  soft  steeL    If  the  same  thing  is  true  for  iron  and  is  as  marked  in 
degree,  I  should  espect  alternate  onrrent  tmnsformers  to  work  more 
efficiently  at  high  than  at  low  temperatures.    I  understand  that  some 
efficiency  tests  point  in  this  direction. 
Madison,  Wis.,  December  28tli,  1691. 
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Early  Lutheran  Immigration  to  Wisconsin. 


EARLY  LUTHERAN  IMMIGRATION  TO  WISCONSIN.* 


By  KATE  A.  EVEREST. 

TLl-  fli-st  immigration  of  Germans  to  WiscoDsiu  in  largo  numbers  was 
that  of  till!  so-called  Old  Liitlioraus  of  Fomerauia  aud  Brandenburg,  who 
came  between  18.10  and  1M5,  as  a  result  of  the  attempt  by  King  Prederick 
William  IV.,  of  Pru9.sia,  to  unite  the  Lutbeiau  and  Reformed  faiths. 

My  purporto  is  to  Hketi^h  the  history  of  that  movement  with  the  emi- 
gration that  followeil  and  the  forming  of  several  Uennau  settlements  in 
thin  state. 

Pliilip  Schaff  divides  the  history  of  the  Lutheran  <!hurch  into  five 
periods.  The  first  reaches  from  the  Reformation  to  X\i&i,  che  date  of  the 
afloption  of  the  Boole  of  Concord;  th^  second  from  1.580  to  1700,  when  the 
doctrinal  system  was  defined  in  opposition  to  Romanism,  Calvinism  and 
the  milder  forms  of  Lutiieranism;  the  third  period  reaches  from  1700  to 
the  middle  of  the  eighteenth  century,  and  is  the  time  when  Pietism  was 
exercising  its  moderating  infiuence;  fourth,  the  period  of  Rationalism, 
which  reached  the  higher  circles,  the  (dergy,  and  the  universities,  and 
created  a  revolution  in  theology;  fifth,  the  period  of  the  revival  of  evan- 
gelical tlieologyand  religion  at  the  third  centennisl  of  the  celebration  of 
the  Reformation  in  1817 .f 

From  Reformation  times  there  had  been  attempts  to  reconcile  the  fol- 
lowers of  Luther  with  those  of  Melancthon  and  Zwingli,  bat  the  year 
1531'  marks  their  failure.  In  that  year  the  Book  of  Conc-ord  was  adopted 
which  .strictly  defined  the  Lutheran  faith  iu  distinotiou  from  both  Cal- 
vinism and  the  milder  forms  of  Lutherism  represented  by  Melancthon.^ 

Tlio  controversy  had  been  carried  on  hotly  by  the  followers  of  each 
reformer.  At  liis  death.  Melancthon  said,  "For  two  reasons  I  desire  to 
to  leave  this  life:  first,  tliat  I  may  enjoy  the  sight  wliich  I  long  for  of  the 
sun  of  God  and  of  tike  church  in  Heaven;  ne.\t,  that  I  may  he  free  from 
the  mousti-ous  and  implacable  hatred  of  the  theologians."  ,i 

*  For  inforniat'in  in  ra^nnl  lo  the  WIiic;.m«lii  oommunitLi^  I  am  Inilehtcd  to  the  pastors 
oC  Ilio  .'Iiun^hes:  Kfv.  Urnni.  Kev.  G.  Ponhou.  Ruv.  R.  CJralHiii.  Rev.  A.  W.  Kelbol,  ol  Wia- 
oHKln.  ana  Ki-v.  ThiUp  vna  Kolir.  ot  JlianRMtii,  aim  to  Dr.  Fiilge,}Ir.  Bluineufetd  and 
vIIiitsmIki  liavi^ KunpTviudy  slrm  mi- the  lutoniintionattlieirillRposal,— K,  A,  Evebeht. 

t  !Sc-hulT-HiT!o;(  Encyuloiwilia  of  KuIIkIous  KBowl«dj{i',  article.     ' '  Lutheronlsm." 

;itruL'kluiiiKCQn«er8atiotiit--Lpxi>Hiii.    Vol,  XI.  article  'UiiIod.  ' 
llanllners  ■-  Thirty  Years  War."    p.  13. 
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The  basis  of  the  Lutheran  doctrine  was  the  "  unaltered  *  Augsburg" 
confession,"  the  Smalcald  article,  and  Luther's  catechisms. 

By  the  Peace  of  Augsburg  (1555),  the  only  Protestant  faith  recognized 
in  Germany  was  the  Lutheran  and  that  the  unaltered  Augsburg  confes- 
sion, but  in  the  Peace  of  Westphalia  (1G48),  both  Lutheranism  and  Calvin- 
ism were  given  a  legal  standing. 

At  the  l)eginning  of  the  Thirty  Years  War  it  is  estimated  that  between 
seventy  and  ninety  per  cent,  of  the  population  of  Germany  were  Protest- 
ant and  by  far  the  larger  part  of  that  numl>er  were  Lutherans.  The  seat 
of  Lutheranism  was  northern  Germany,  while  in  the  south  the  German 
princes  had  adopted  Calvinism.  The  Reformed  faith  or  Calvinism  had 
taken  root  in  Germany  partly  from  Switzerland,  the  home  of  Zwingli, 
and  partly  through  the  teachings  of  Melancthon,  but  it  never  gained 
that  hardy  growth  in  Germany,  says  Gardiner,  that  it  had  in  its  native 
soil.  It  was  the  religion  of  the  courts,  and  accx)rding  to  the  principle  of 
the  times,  it  became  the  religion  of  the  people,  (cujus  regio,  ejus  religio.) 

From  1580  to  the  close  of  the  seventeenth  century  the  lines  between 
the  two  Protestant  faiths  were  drawn  still  more  closely,  and  the  first 
modification  of  dogmatic  principles  was  effected  by  the  influence  of 
Spener  and  the  Pietists.  Doctrine  became  subortlinate  to  "  inner  light  ^ 
and  to  practical  piety.  It  was  like  the  Methodist  revival  in  England 
but  did  not  result  in  secession.f 

Meanwhile  the  thought  of  union  was  being  revived.  Frederick  I.  of 
Prussia  called  councils  of  Lutherans  and  Iloformed  theologians  at  Berlin 
for  the  sake  of  obliterating  differences,  and  in  1737,  Frederick  Wil- 
liam T.  sou^rht  to  unify  church  usages  by  abolishing,'  certain  forms.  But 
the  times  wore  doint;  more.  Rationalism  was  at  work  modifying  cn^eds, 
so  that  at  tlie  end  of  tlie  eijichteenth  and  hotrinnin^  of  the  nineteenth 
century  t lie  Lutheran  church  had  but  few  representatives.  J  The  old 
hatred  seemed  stran^'e.  even  incomprehensible  to  the  new  race.  Ration- 
alism was  above  dogmatic  strife  and  Pietism  regarded  the  eternal  love 
as  the  essence  of  Christianity.  Hence  the  idea  naturally  arose  that 
Protestantism  mi^ht  well  return  to  its  early  unity.  Of  this  idea 
Schleiermaclier  was  the  spokesman  and  Frederick  William  Til.  its  propa- 
gator, thoutrh  they  differed  materially  as  to  tlie  manner  in  which  it  was 
to  be  (*Hrrif»d  out. 

The  be^iuning  of  this  centurj'  was  rich  with  new  national  life  for 
Germany.  Romanticism  and  the  War  of  Liberatit>n  gave  rise  to  a  revival 
of  the  past.  It  was  a  time  of  peculiar  activity  and  awakening,  which 
called  out  German  patriotism  and  above  all  new  political  aspirations. 


♦  The  Aiig^ibiiry:  confession  was  ojlitod  ami  nlteivd  by  Melancthon;  hence  two  forms:  the 
inva  riata  ef  I  it  io  am\  rnrintd  editio. 
i  Brockhaus,  XVI,  j).  :J7. 
t  lirocklunis;.  XI,  p.  -^Ou. 
.  Tn'its<'hke.  Stauten-Cioschichte  iler  NeiU'Sten  Zeit .     II,  p.  -iiO. 
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By  all  the  leaders  in  thw  movement  a  constitution  with  popular  rep  re - 
seutatiuu  was  demanded.  The  idea  that  the  people  should  participate 
in  government  and  leRialation  underlay  every  attempt  at  reform.  Even 
in  Folieioiii^  matters  the  same  riglit  was  reoogniited.  Thus  as  early  as 
1813  ^raat  importance  wa-s  attached  to  the  necessity  ot  a  free  church 
constitution.  The  great  representative  of  this  idea  was  Scbleiermacher. 
For  this  he  wrote  and  worked,  iinceasindly,  believing  that  in  this  way 
only  could  the  union  be  brought  about.*  but  the  spirit  of  absolutism  at 
the  Prussian  court  which  wa.t  unfavorable  to  political  constitutions,  was 
not  less  9o  to  a  free  church  constitution. 

The  year  1817  marks  the  beginning  of  a  new  epoch  in  religious  mat- 
ters, lu  that  year  Clans  Harnes  published  his  ninety-flve  theses  a^^ainst 
rationalistic  apostasy  and  in  the  same  year  at  the  three  hundredth  anni- 
versary of  the  Reformation,  King  Frederick  William  III.,  of  Prussia,  pro- 
claimerl  the  union  of  the  Reformed  and  Lutheran  churches.  The  ^reat 
point  of  difference  between  the  two  creeds  lay  in  the  doctrine  of  the 
liord's  Supper;  the  Lutherans  taught  tlie  real  presence  of  Christ's  body 
" in," " with,"  find  "under"  the  bread  and  M-ine  of  the  sacrament:  the 
CalvinLsts  made  these  symbolic  of  the  real  spiritual  presence  to  believers 
only.  Other  points  of  difference  related  to  the  doctrine  of  predestina- 
tion which  Luther  had  not  taught  in  any  strict  seusej  but  the  Reformed 
church  laid  great  emphasis  on  moral  character,  and  for  that  reason  was 
more  inclined  to  the  idea  of  unity  than  the  Lutherans  who  emphasized 
doctrinal  points. 

To  the  king  who  was  of  the  Reformed  faith  the  union  .seemed  most 
simple.  "  According  to  my  opinion,"  he  had  said,  "  the  communion  strife 
is  only  an  unfruitful  theological  subtlety,  of  no  account  in  comparison 
with  the  fundamental  faith  of  the  Scriptures."  t  The  fact  that  he  was 
outside  of  the  church  to  which  the  great  majority  ot  his  people  Ijelonged, 
was  a  source  of  great  regret  to  him.  Possessed  of  a  deeply  religious 
nature  and  for  some  time  under  pietistic  influences,  the  union  had  been 
one  of  his  dearest  objects.  Though  the  act  may  have  been  praiseworthy, 
and  was  performed  by  the  king  in  the  profound  belief  that  he  was  called 
to  do  that  work,  yet  his  unfortunate  belief  in  the  sacred  prerogative  of 
kings  which  led  him  to  carry  out  the  reform  in  a  thoroughly  absolute 
maaner,  was  destined  to  call  forth  an  opposition  which  ended  in  the  par- 
tial failure  of  the  attempt.  The  union  was  proclaimed  witliout  the  con- 
sent of  the  churches,  and  in  1823,  a  new  agonde  was  drawn  up  by  Bishop 
Eylert  and  the  court  theologians,  and  in  1830,  was  rigidly  enforced. 
Schlelermaeher,  the  upholder  and  defender  of  the  Union,  was  strongly 
opposed  to  the  agende,  partly  on  account  of  its  source,  namely  the  royal 

•WebOT's  WeltiK'Bfhiclile,  vol.  SIV.  p.  OOO,    Broi'thaua,  articles  "  Union  "  and  ■'  Scblelr- 
tTreiUclik«II.p.  IMO. 
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will  instead  of  th6  free  ohoioe  of  the  ohuroh,  partly  on  aooonnt  of  ita 
contents,  on  the  gro^ond  that  thoy  were  antiquated  and  reactionary. 

^^The  Union  rested  not  simply  apon  a  weakening  of  the  oppoato^ 
ETangelioal  dootrlnes,"  says  Weber,  ^'but  upon  positive  dogmatie  prinoi- 
ples.**,*  It  was  ostensibly  a  liberal  nioion  leaving  the  interpretation  of 
disputed  points  to  the  oonsdenoe  of  the  individnal  while  the  Bible  only^ 
was  recognised  as  the  ground  of  faith  and  life. 

While  the  movement  had  many  warm  supporters  anft  was  imitated 
by  other  Qerman  courts,  namely,  by  Baden,  Nassau  and  Kheinpf&ls», 
yet  it  was  not  heartily  supported  by  the  rationaUstio  element,  and  6a 
the  other  hand,  aroused  a  new  liatheran  consciousness.  It  was  taken, 
as  an  attempt  to  root  out  Lutheranism  which  the  revival  of  Germany's, 
great  past  was  more  likely  to  restore.  This  was  especially  the  case  in 
those  parts  of  Prussia  where  liutheranism  existed  almost  unmixed^ 
where,  then|  there  was  no  sympathy  with  Reformed  doctrines  and  the 
union  was  not  felt  as  a  practical  necessity.  This  was  the  case  in  North. 
Germany  —  Saxony,  Mecklenburg  and  in  Pomerania.  ^  It  seemed,**  saya 
Treitschke,  **like  an  uprising  of  Reason  against  Revelation.'^ 

For  some  years  the  opposition  was  confined  to  literary  polemics,  %  bat 
in  1830  when  the  new  agendo  was  enforced  by  cabinet  orders,  Prof^ 
Scheibel  of  Breslau  founded  a  separate  society  of  two  or  three  hundred 
families,  and  being  refused  permission  to  worship  according  to  the  (dd 
agendo,  Scheibel  left  the  country.  Many  Silesian  pastors  followed  hia 
example  and  resistance  spread  rapidly  to  Erfurt,  Magdeburg  and  differ- 
ent parts  of  Pomerania.  At  Erfurt  the  leader  of  the  movement  and 
afterwards  of  the  emigration  to  America  was  Rev.  Johannes  A.  A.  Gra- 
bau,  pastor  of  the  Evangelical  church.  In  spite  o:  an  early  education 
under  the  influences  of  a  pastor  of  the  United  faith,  Grabau  seems  to 
have  kept  his  preference  for  the  Lutheran  church.  Finally,  in  1836,  he 
reached  the  conchision  that  the  Union  was  contrary  to  the  Scriptures 
and  declared  publicly  that  he  could  no  longer  use  the  new  agonde  with 
good  conscience.  Being  questioned  by  the  counsellor  of  the  Consistory, 
he  replied  that  the  new  form  in  the  administration  of  the  Loixl's  Supper 
did  not  express  the  belief  of  the  Lutheran  church,  and  that  their  faith 
was  curtailed  and  weakened  in  the  new  spirit  of  the  times.  His  society 
agreed  with  him  and  when  he  was  suspended  from  his  office  and  anew  pas- 
tor was  put  in  charge,  they  followed  him  to  his  house  where  services  were 
held.  This,  too,  was  forbidden,  but  they  decided  "  to  obey  God  rather  than 
men."  The  separate  society  grew  until  it  reached  a  membership  of  nearly 
iOO.  Meanwhile,  at  Magdeburg,  another  small  body  of  Lutherans  had 
separated  from  the  Union  church  and  were  holding  services  at  the  home 
of  a  captain  of  the  guards,  Henry  von  Kohr.     The  movement  was 


♦Weber  14,  p.  900. 

+  Treitschke,  Vol.  II,  p.  :M3. 

tSchaff-Herasog  II,  1376. 
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spreading  in  Pomeraoia  and  man  j  pastors  and  laymen  were  being  perse- 
cuted. In  183T,  Qrabau  was  imprisoaod  and,  at  that  time,  there  were 
said  to  be  twenty  pastora  in  prison  or  banished.*  Laymen  who  refused 
to  send  their  children  to  the  United  Bchools,or  who  availed  themselves 
of  the  administratiou  of  Lutheru  pastora  in  baptism  or  marriage  cere- 
monies, but  especlalljr  those  who  refused  to  pay  the  taxes  required  for 
the  support  of  &  pastor  of  the  United  faith  were  imprisoned,  fined  or 
otherwise  punished. 

At  length  Capt.  von  Bohr  who  had  been  deprived  of  his  position  as 
captain  of  the  guards,  for  his  refusal  to  conform,  assisted  Grabau  to  es- 
cape from  prison  where,  it  was  claimed,  he  was  illegally  detained.  They 
reached  Scehof,  on  the  cost  of  Fomerania  in  safety.  Previous  to  this 
time,  frequent  calls  had  come  to  Grabau  from  the  Pomeranian  churches 
which  bad  been  deprived  of  their  pastors,  aud  ho  dow  visited  and  con- 
ducted services  in  the  difforeut  societies.  Already  the  question  of  emi- 
gration had  l)een  talked  of  here  aud  letters  were  received  from  friends 
in  Ohio.  Grabau  advi.sed  them  to  wait  until  it  was  definitely  settled 
whether  the  Lutheran  faith  would  bo  tolerated.  Accordingly,  letters 
were  sent  to  tlic  goverumeut  asking,  in  case  it  should  not  he  tolerated, 
for  permission  to  emigrate.  To  the  first  question,  the  answer  was  "  The 
Lutheran  church  is  within  the  United  chnrch  and  outside  of  it,  the 
King  will  tolerate  no  Lutheran  church  in  this  laud."  t  Permission  was 
given  to  emigrate,  in  case  they  proved  to  the  satisfaction  of  tlie  govern- 
ment that  they  had  a  pastor,  but  not  otherwise.  In  consequence  of  this, 
many  societies  in  Pomerauia  and  the  one  at  Magdeburg  placed  them- 
selves in  communication  with  Grabau,  asking  him  to  become  their 
pastor.  Grabau,  meanwhile,  had  been  imprisoned  a  second  time,  but  he 
received  permisssion  to  emigrate  on  strict  conditions,  namely,  that  ho 
go  directly  to  Hamburg  whore  they  were  to  embark,  accompanied  by 
police  ofQcers,  lest  be  hold  services  on  the  way. 

This  was  in  the  spring  of  18.'{9  and  with  Magdoliurg  as  a  center,  a  lai^ 
emigratioit  was  arranged  for  that  year.  Capt,  vou  Rohr  was  chosen  to 
engage  passage  for  them  and  to  go  in  advance  to  America  and  choose 
places  for  settlement.  He  chone  Buffalo  N.  Y.,  and  Milwaukee.  Just  why 
he  selected  Wisconsin,  it  iaimpos.sibleto.'iay,  but  after  travelling  through 
Now  Tork,Ohio,  Illinois  and  \Viscon.sin,  in  ord'jr  to  find  the  best  possible 
location  for  a  settlement,  Wiscomtin  and  Xew  York  seemed  the  most 
favorable.  It  is  thought  that  the  climate  which  resembles  that  of  North 
Germany  was  ono  inducement.  Another  was  the  prospect  of  obtaining 
fliiely  wooded  lands,  always  highly  prized  by  the  Germaun,  at  low  prices. 
Capt.  vou  Rohr  was  very  fond  of  the  hunt  and  the  west  doubtless  ut- 
tractod  him  strongly  .J  The  position  of  Wisconsin  too,  as  to  the  routes  of 

•Ix'beuslaut  cit-a  EhrwuriUjwn  J.  A,  .\.  (Jrabau  vou  Jiflin  A.  Grabau  tson).    p.  *}. 
+  Lffe  nf  Orahaii.    p.  3S. 
;  Lulter  from  Rev .  PbJUp  tod  Rolir  i;iii]t  sod).    WIuoDa,  Mino. 
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travel  through  the  Great  Lakes  must  have  been  another  favorable  con- 
sideration. Land  was  plenty  and  cheap  in  Wisconsin,  and  land  offices 
had  been  established  within  a  few  years  in  Milwaukee,  Mineral  Point 
and  Green  Bay. 

To  defray  the  expenses  of  the  journey,  a  common  treasury  was  formed 
to  which  the  wealthier  members  contributed  part  of  their  means  to  as- 
sist the  poor  to  accompany  them.  Directors  w^ere  appointed  for  each 
company,  to  take  charge  of  the  money  and  distribute  it  according  to  the 
needs  of  the  poorer  people. 

Passage  was  engaged  for  one  thousand  people  in  five  American  sail 
vessels.  Rev.  E.  F.  L.  Krause,  a  pastor  from  Silesia  w^ith  his  society  ac- 
companied them.  They  emigrated  in  the  latter  part  of  July  and  reached 
Buffalo,  October  5th.  Capt.  von  Rohr  had  met  them  in  Now  York  and 
told  them  of  the  places  he  had  chosen  and  their  advantages.  Accord- 
ingly about  one  half  settled  in  and  near  Buffalo  while  the  remainder 
came  to  Wisconsin  with  Capt.  von  Rohr. 

These  were  chiefly  Pomeranians.  It  is  doubtless  this  body  of  immi- 
grants that  is  mentioned  in  Mr.  Buck's  Pioneer  History  of  Milwaukee. 
**  The  year  1839,''  he  says,  *'  brought  the  first  installment  of  immigrants 
from  Germany  and  Norway.    The  effect  of  their  arrival  with  their  gold 

and  silver  wherewith  to  purchase  land  w^as  electric 

Whereas  Milwaukee  had  been  under  financial  depression  before,  now  all 
doubts  about  the  future  were  dissipated."  Again  he  says:  "  The  first 
German  colonj'  aiTived  in  1830.  It  consisted  of  about  eight  hundred 
men,  women  and  children  [the  number  is  probably  exag^^erated |.  They 
bruuKbt  witli  them  the  iiocessary  hou.sekt'opiiijj:  utensils  and  encamped 
on  the  lake  shcu-e  south  ot"  Huron  street.  The  men  went  about  in  a 
]>usiiiess  way,  t.'xainiiiinf^'  the  ^a>verninent  phits  in  the  laud  oftiee,  and 
haviii;^'  ascertained  by  all  means  in  their  jjower  where  lands  well  tim- 
bered and  watered  (*ould  be  purchase*!,  they  entenni  lands  bounding  on 
the  ^Milwaukee  river,  l)etween  Milwaukee  and  Washin^^ton  (later  Ozaukee) 
counties.  A  small  number  remained  in  the  village  [probably  Milwaukee 
is  meant],  but  the  most  of  them  employed  themselves  without  delay  in 
clearinjj:  and  cultivating  lands.  The  men  immediately  deelared  their  in- 
tention to  become  American  citizens,  every  man  signing  his  name  to  his 
petition,  to  the  numlier  of  seventy  in  one  day."* 

The  majority  of  tlie  immigrants,  over  thi-ee  hundred  peojde,  and  prob- 
ably those  still  possessing  some  means,  went  to  Meciuon  and  there  formed 
the  Freistadt  colony,  a  name  chosen,  no  doubt,  to  commemorate  their 
new  freedom;  .some  settled  in  Cedarburg  al.so,  while  a  few  remained  in 
Milwaukee.t 

These  settlers  were  from  Pomerania,  chiefly  from  the  district  of 
Stettin  and  from  Kamin  an  (Jreifenberg  and  the  neighboring  countrj". 


■  Bucks  I'lMiuMM-  History  vii"  ,Mihviiuket',  p.  l*^! :  ii»(i  un  luMn'ss  by  Ju'lfr*^  Miller,  p.  '^\b. 
♦  Ko>s  •'  .Mihvauk.ff/'  p.  103.     •'  In  (K-r  Neiiou  H»-imath.*'    Eioklioff.  370. 
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Farmiug  aod  stock  raising  are  the  chief  industries  of  ttiis  country  and 
the  greater  part  of  the  land,  about  GO  per  cent.,*  is  held  by  large  land 
owners.  Stettin  is  said  to  be  the  center  of  one  of  the  best  farming  com- 
munities in  Pomerania.t  The  Wisconsin  settlers  were  chiefly  farm- 
laborers  and  handicrafts  ineu,  and,  accordingly,  well  adapted  to  pioneer 
life.  They  bought  nearly  all  of  the  western  half  of  the  town  of  Mequon, 
where  they  built  log  houses  and  improved  the  land.  Capt.  Von  Rohr 
had  come  with  them,  and  during  the  first  year  he  conducted  their  services 
until  the  arrival  of  Rev.  Krause  from  Buffalo,  who  was  their  first  pastor; 
immediately  on  his  arrival  a  log  church  was  built  ou  section  10.  In  the 
Milwaukee  Society  sen-ices  were  hold  in  a  house  built  by  a  tlsherman  on 
laud  given  him  by  Byron  Kilboum,  near  Chestnut  street.  It  was  a  very 
solid  structure,  built  in  true  German  style  of  panel  work  and  clay  till- 
ing. They  had  no  pastor,  but  the  teacher  Luck  held  services,  while  Bev. 
Krauso  came  occu-sioually  from  Freistadt.J 

In  1813  another  largo  immigation  followed  from  Pomerania,  from  the 
neighborhood  of  Stettin  and  the  cities  of  Kolberg,  Treptow  and  Kamiu, 
on  the  Baltic,  and  also  from  Brandenburg,  from  the  country  lying  be- 
tween Kfistrin  and  Wrietzen  on  the  Oder.  Kev.  Kindermann  acted  as 
their  leader.  Ho  ha<l  lieen  directed  to  the  Pomeranian  churches  by  Rev. 
Grabau  during  the  earlier  period  of  the  persecution.^  Others  continued 
to  come  until  1845.  It  wa-s  the  reports  of  the  earlier  emigrants,  who 
were  their  friends  and  acquaintances,  that  led  them  to  Wisc-onsiu. 

The  cau-te  of  this  emigration  also  was  religious  persecution,  which  had 
not  yet  creased,  though  it  was  abating,  i  But  there  were  other  causes  as 
well.  Differences  had  sprung  up  in  the  Lutheran  ehnrch  in  Germany 
over  the  qnestiou  of  church  government.  The  decrees  of  the  synod  were 
that  in  disputed  questions  of  doctrine,  the  majority  of  votes  should  de- 
cide. Against  this  one  imrty  protested  and  claimed  that  the  only  ulti- 
mate authority  was  the  Scriptures.  To  this  party,  which  was  the  weaker, 
Kev.  Kindermann  belonged.  To  avoid  unpleasantness,  therefore,  they 
decided  to  emigrate  with  those  of  like  mind. 

This  company,  too,  had  formed  a  common  treasury  to  which  the 
wealthier  members  contributed  from  1,")  to  20  per  cent,  of  their  means 
to  a-ssiat  tlic  poor,  both  in  the  i>a.ssage  and  in  purchasing  land.  It  was 
expected  tliat  the  money  would  be  returned  with  interest,  but  in  many 
cases  this  has  nut  been  dune  ami  the  cre<litors  have  overlooked  it. 

Of  this  second  boib'  of  immigrants,  altogether  abont  four  hundred 
families,  some  I'emalncd  in  Milwaukee  and  joined  the  first  comers  in  the 
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neighborhood  of  Cheataiii  atreeti  bat  the  majority  went  to  the  fanna. 
Khohhayn,  WMhisgfcon  coonty,  and  Lebanon,  Dodge  ooontj,  were 
ohosen  fat  setUement.  Lebanon  waa  diooeir  by  the  adTioe  of  their 
ooontrymenf  J.  GrOnhagen,  one  of  the  earlier  iminigrants  to  Milwaii* 
kee,  ixrobably  for  ite  altoatUm  on  the  Book  Blver.  Seventy-eii^t  fiuni- 
liea  settled  here  in  the  yean  1843  and  184L  These  were  the  peoide  from 
Stettin  and  Brandenbozgy  while  those  from  the  Baltic  lands  settled  at 
E^irohhayn. 

Be¥.  Elnderman  became  the  pastor  of  the  Eirohhayn  people,  while 
at  times  he  held  services  for  the  Lebanon  community.  For  a 
year  or  two  the  settlers  In  Washington  ooonty  soffered  great  pri- 
vations; their  land  was  heavily  wooded  and  it  took  time  to  make  it  pro- 
dnotive.  Lebanon  was  more  open  and  easier  to  ooltivate.  **  Within 
fifteen  years,"  says  Mr.  Blni^enfeld,  of  Watertown,  ''the  country  be- 
came a  garden,  and  to-day  It  soriiasses  most  towns  in  its  high  state  of 
cultivation.*'  Both  the  communities  by  their  industry  and  thrift,  have 
been  suooessfdL  There  has  been  a  marvelous  change  in  the  condition 
of  these  people  from  that  of  poor  fton  laborers,  in  most  cases,  to  that  of 
independent  proprietors,  almoat  all  well-to-do  farmers. 

Between  1860  and  1800,  a  number  of  the  early  setlers  went  from  Frei- 
stadt,  Cedarburg  and  Kirchhayn,  to  Sherman,  Sheboygan  county,  and 
Oooperstown,  Manitowoc  county.  Land  was  cheap  and  plenty  in  the 
northern  counties  and  there  again  they  formed  prosperous  settlements. 

The  large  Pomeranian  and  North  Grerman  element  in  Wisconsin  is  un- 
doubtedly due  in  ^eat  measure  to  the  early  emigration  of  the  Old 
Lutherans  to  the  state.  Through  their  reports  to  friends  and  relatives  in 
the  Fatherland,  many  have  since  followed  them  and  either  joined  the 
original  communities  or  spread  out  into  adjoining  towns  an<jl  counties. 
Moreover,  in  1853,  Capt.  von  Rohr  and  Rev.  Grabau  made  an  extended 
tour  through  Germany,  especially  through  North  Germany,  and  by  their 
conversations  and  reports  about  the  succoas  of  their  countrymen  in 
Wisconsin  caused  the  majority  of  the  Lutherans  to  settle  in  this  state. 
Emigration  from  the  northern  countries  had  scarcely  begun  at  that  period 
but  since  1870,  Pomerania,  Prussia  and  the  adjoining  countries  have 
furnished  the  greater  part  of  the  German  emigration,  of  which  Wis- 
consin has  received  a  large  share. 

But  these  early  settlers  were  not  only  the  first  body  of  German  im- 
migrants to  Wisconsin;  they  were  also  the  beginning  of  the  Lutheran 
church  in  the  state. 

Freed  from  state  support  and  government  restraint  the  Lutheran 
church  has  grown  marvelously  in  this  country.  One  indication  of  its 
growth  is  its  large  membership;*  another  indication  is  the  variety  of 
creeds  that  have  developed,  shown  by  the  large  number  of  synods  of 

*  According  to  Prof.  Ernst  there  are  200,000  Lutherans  in  Wisconsin. 
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wbich  there  are  five  iu  WieconsiQ  represeDtiog  difleroQces  of  creed 
more  or  leaa  fuudamental.  la  these  original  commnaities  quoatlons  of 
church  goveratnent  aud  religious  belief  caused  diviaionn,  through  which 
the  Missouri  Syuod  sod  others  were  able  to  e»tabUsh  separate  churches. 

Between  1840  aud  1850  the  two  sj-nods  of  Buffalo  and  Missouri  were 
formed;  the  one  by  Rev.  Grabau,  the  other  by  ministers  from  Saxony, 
Soon  a  controversy  arose  between  them  on  tiie  question  of  the  calling 
and  ordination  of  the  clergy  aud  the  relation  of  the  minister  to  his  80- 
ciety.  Rev.  Gral>an  held  that  a  minister  must  be  called  according  to  the 
old  church  ordinances,  and  that  the  society  must  obey  their  minister  iu 
all  things  not  contrary  to  the  word  of  God,  while  the  Missouri  Synod 
held  more  Congregational  views.*  In  this  controversy  Rev.  Grabau  was 
supported  by  Rev.  Kindermann,  Rev.  Krause  and  deputies  from  Mil- 
waukee who  signed  themselves  "The  Lutheran  Synod  of  the  church 
emigrated  from  PruBHiB."t 

In  Milwaukee,  meButime,  thuy  were  still  too  poor  to  hire  a  pastor  and 
Rev.  Kraiise  had  come  from  Freistadt  every  six  weeks,  but  the  journey 
was  long  aud  expensive,  so  he  called  upon  the  l.'ii)  communicants  to  pay 
each  three  cents  a  week  for  twenty  weeks  to  l>uy  him  a  horse  aud  wagon, 
but  the  tax  appeared  too  large  to  them  and  they  refused  his  request.  The 
demand  was  doubtless  somewhat  arbitrarily  imposed.  Rev.  Krause  being 
a  man  of  the  extreme  type  of  clerical  dignity.  The  society  was  severely 
rebuked  by  him,  aud  was  finally  refused  admission  to  the  communion 
until  they  rec-ognixed  their  sins  aud  made  public  oonfesKion,  but  the 
difticulty  only  increased  aud  flually  a  large  part  of  the  society  withdrew 
and  joins*!  the  Missouri  Synod,  which  allowed  more  self  rule.  The 
separated  society  was  supplied  with  a  jwstor  from  Missouri  and  formed 
the  nucleus  of  the  later  Trinity  society,  the  flrut  of  the  numerous 
churches  in  the  state  belonging  to  that  synod;  the  remaining  clement 
formed  what  is  now  the  St.  Paul's  society,  in  Milwaukee,  belonging  to 
the  Buffalo  Synod.f 

In  the  Lebanon  (community  a  controversy  arose  in  18'"  on  the  subject 
of  worldly  music  which  caused  one  party  to  form  an  independent  or- 
ganizatiou.  Later  in  the  same  church  the  useof  theprivateconfessional 
was  discus.sed,  and  again  in  the  Milwaukee  church.  The  demand  for  the 
geuerul  confessional  in  its  place  cau.sed  the  disuse  of  the  private  confes- 
sioual  In  nearly  all  the  churches  after  a  tow  years. 

There  questions  indicate  an  activity  iu  the  societies,  partly  the  result 
of  uew  conditions  and  the  union  of  people  from  different  communities 
in  Geruuiny,  and  partly  the  result  of  their  recent  experioucos.    In  the 

•  WolC'x  Hist,  uf  Ilif  l.iillieraD  Cliiin-U  in  Aiiivrira,  |i.  119. 
fHirtenlirief  dfs  Htfim  raitora  Orabau  zii  DiiftBlo  voin  Yalire.  IRlO." 
tlliHl.  uf  JlitwankiH'.  by  Frank  A.  Fkxrpr,  |i,  Ki:  ami  Kims,*  Jlilvrankw.  p.  137  wq. 
Ik-richt  ilpTi  NunlliiTlwii  l>i''lii(!kta  iler  iIiMitwlieii  EvnngoL     Liith.  Sy  ode,  von    Ua, 
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Lebanon  community,  it  is  said  that  each  family  owns  its  set  of  Luther'^ 
works  and  is  familiar  with  theological  questions.  It  is  not  strange  then 
that  there  are  six  churches  there  with  three  pastors,  of  whom  one  is  inde- 
pendent, another  belongs  to  the  Iowa  Synod,  and  another  to  the  Missouri 
Synod. 

In  Kirchhayn,  Cedarburg  and  Froistadt  also,  in  1855,  we  find  besides 
the  churches  belonging  to  the  Buffalo  Synod  other  societies  belonging  to 
the  Missouri  Synod.  *  Such  di\'isions  are  not  infrequent  as  the  re- 
sult of  an  unusual  mental  and  spiritual  activity,  as  for  example  Germany 
itself  in  Reformation  times  and  England  in  Puritan  times. 

While  the  other  synods  have  increased  rapidly  in  numbers  in  Wiscon- 
sin and  other  states,  the  Buffalo  Synod  has  remained  comparatively  iso- 
lated and  small,  owing  to  its  very  conservative  character,  and  its  rigid 
adherence  to  earlier  doctrines.  The  use  of  the  private  confessional  is 
still  preserved  in  its  churches,  while  its  doctrines  adhere  to  the  old 
Saxon  and  Pomeranian  church  ordinances.  The  synod  has  but  five 
churches  in  the  state  and  these  are  all  the  original  communities  who 
emigrated  between  18'^)  and  18tt5.  They  are  Milwaukee  (St.  Paul's^ 
Cedarburg,  Freistadt,  Kirchhayn  and  Sherman.  The  Cooperstown 
church,  though  belonging  to  the  Wisconsin  synod,  keeps  the  doctrines 
and  forms  of  the  Buffalo  synod. 

♦  Berlcht  -  1835. 
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THE  CLAN  CENTERS  AND  CLAN  HABITAT  OF  THE 
EFFIGY  IJUILPERS. 


Bt  STEPHEN  D.  PBET,  Ph.  D. 

The  naimal  efBgiea  of  Wisconsin  are  very  intoresting  specimenfi  of  the 
handiwork  of  u  people  who  have  passed  away.  Who  this  people  were,  is 
at  preMent  unkuown.  They  were,  however,  remarkable  for  one  things 
their  skill  in  imitating  animal  figures  and  expocially  in  molding  massive 
imitative  forms  out  of  earth  and  raising  bas-reliefs  above  the  surface  so 
tliat  they  coiild  easily  be  seen  and  recognized.  Nowhere  on  tho  face  of 
the  earth  are  there  so  many  of  those  effigies  as  here,  and  nowhere  else 
can  we  learn  as  much  about  the  efBgy  builders.  There  are,  to  be  sure,  a 
few  effigies  in  tho  state  of  Ohio  which,  like  these  in  Wisconsin,  are 
molded  from  the  soil.  They  are  as  follows:  The  Great  Serpent  in 
Adams  county,  the  Alligator  mound,  and  the  Bird  mound  in  Licking 
county,  and  the  animal  effigy  in  Scioto  county,  near  the  mouth  of  the 
Scioto  river.  The  writer  has  discovered  also  a  massive  serpent  effigy 
near  Quincy,  Illinois,  and  other  gentlemen  have  dis<:ovored  turtle  and 
animal  effigies,  both  in  northern  Illinois  and  eastern  Iowa,  though  these 
probably  belonged  to  the  same  system  with  the  effigies  of  Wisconsin, 
stray  specimens  which  were  built  beyond  the  borders  of  the  state.  Other 
than  those,  no  eSlgles  made  of  earth  have  been  discovered  anywhere  on 
the  continent.  Tliere  are,  to  be  sure,  effigies  made  of  stone  in  various 
parts  of  the  country,  as  followsr  Two  in  the  shape  of  birds,  discovered 
in  Georgia  and  dascribed  by  Col.  C.  C.  Jones,  who  is  one  of  the  most 
skillful  archffiologists.  Several  in  the  shai)C  of  serpents,  turtles,  biiSa. 
loes  an<l  human  form  in  Iowa,  described  by  Prof.  Jolm  Todd  and  Mr,  T, 
H.  Leivis.  The  figures  of  birds,  turtles  and  nondescript  creatures  may 
be  frequently  seen  inscril>ed  upon  rocks.  Marquette,  tho  missionary, 
saw  one  such  near  Alton,  IlL  Jonathan  Carver  saw  others  in  tho  caves 
in  Minnesota.  Rev.  Edward  Brown  described  those  in  West  Salem,  Wis- 
consin. Mr.  T.  H.  Lewis  has  made  a  stud.v  of  those  found  in  tho  caves 
of  Iowa  and  Minuesota.  It  may  be  said,  however,  that  the  effigies  made 
from  eartli,  notwithstanding  the  havoc  made  with  them  by  the  relic 
hunter  and  the  farmer,  have  proved  about  as  enduring  as  those  made 
from  stone,  and  no  more  liable  to  be  marred  and  destroyed  than  are  the 
inscriptions  in  the  caves.    This  makes  the  responsibility  of  the  citizens 
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of  the  state  all  the  greater.  The  efflgiee  of  Ohio  are  some  of  them  to  be 
preserved  by  especial  enactment.  The  serpent  effigy  has  been  purchased 
and  the  groond  aboat  it  laid  oat  in  a  public  park.  No  public  movement 
has,  however,  taken  place  in  Wisconsin,  which  looks  toward  the  preser- 
vation of  these  most  interesting  monuments.  They  are  rapidly  disap- 
pearing. At  the  present  rate  of  destruction,  it  will  not  be  long  before 
they  will  aU  be  gone  beyond  recovery.  When  an  effigy  has  been  destroyed 
it  is  impossible  to  restore  it.  If  it  is  reconstructed  it  has  a  modem  look 
to  it  and  lacks  the  peculiar  air  and  grace  which  a  native  hand  alone 
could  give.  The  touch  of  the  white  man^s  hand  is  different  from  that  of 
the  mound-builder.  It  would  be  useless  for  him  to  attempt  to  recon- 
I.  struct  these  animal  forms. 

I 

Many  things  have  been  impressed  upon  us  from  the  study  of  these  ef- 

flgie^  some  of  which  we  have  already  embodied  in  the  work  on  £m- 

*         blematic  Mounds  which  was  published  in  1890.    Other  things,  however, 

have  been  brought  to  light  by  later  explorations  and  to  these  we  would 

now  call  attention: 

L  In  reference  to  the  imitative  skill  of  the  effigy-builders,  it  is  well 
known  that  early  and  rude  races  had  this  in  a  remarkable  degree.  We 
need  only  to  go  to  the  cave-dwellers  of  Europe  to^  be  convinced  of  this. 
Here  we  find  the  mammoth,  the  reindeer,  the  horse,  and  many  other  ani- 
mals plainly  drawn  on  pieces  of  ivory.  They  are  excellent  imitations 
and  show  that  the  early  races  excelled  in  this.  We  do  not,  to  be  sure, 
recognize  in  these  the  religious  feeling  which  was  exercised  in  erecting 
effigies  on  the  soil  of  Wisconsin.  There  are  however  inscribed  figures 
on  the  cylinders  which  have  come  down  to  us  from  the  early  historic 
times,  which  have  more  of  this  religious  symbolism  embodied  in  them. 
We  do  not  know  that  these  figures  are  totemistic  in  their  design,  but 
they  are  symbolic  at  least  and  are  wonderful  imitations.  Let  us  take 
the  cylinder  that  belongs  to  Sargon,  3.'W0  before  Christ.  Here  we  find 
Izdubar  watering  the  sacred  oxen.  The  oxen  have  wide-spread,  branch- 
ing horns  and  small  bodies  —  resembling  Texan  cattle.  The  human  fit^-, 
ures  have  strange,  wild  faces  and  shaggy  hair  and  resemble  Scythians 
but  the  drawings  are  excellent,  the  muscles  are  plainly  seen  on  the  oxen, 
the  expression  in  the  faces  is  striking,  and  the  water  which  flows  from 
the  vessels  is  very  like  water.  The  effigies  of  Wisconsin  are  prob- 
ably not  as  old  as  these  figures  from  the  caves  of  Europe  or  from  the 
mounds  of  Chaldea,  but  they  show  the  same  imitative  skill.  Let  me 
illustrate  this:  There  is  an  effigy  on  the  east  bank  of  Lake  Mendota  but 
two  or  three  miles  from  the  capitol  which  represents  a  deer  in  the  atti- 
tude of  jumping.  (See  plate  XII.)  The  deer  has  the  head  partly 
thrown  back,  the  rump  thrown  up,  the  hind  legs  drawn  toward  the 
body  very  much  as  any  deer  would  jiunp.  An  instantaneous  pho- 
tograph could  not  take  the  attitude  better  than  did  those  native 
artists.    The  effigy  comes  to  its  place  remarkably  well,  when  the  meas- 
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urementa  are  taken,  and  the  lines  drawn  according  to  a  scale  of 
inches.  The  eye  is  usefvd  in  determining  the  animal  intended 
but  the  platting  brings  out  the  attitude  more  perfectly.  Take  an- 
other instance:  There  afe  two  animals  north  of  Buffalo  lake,  not 
far  from  Crooked  lake,  which  resemble  squirrels.  The  platting  of 
these  efOgies  brings  out  the  fact  that  they  are  not  squirreLs  at  all  but 
raccoons.  We  And  in  them  both  nearly  the  same  measuremeuta,  but  as 
the  linog  come  out  on  paper  we  find  the  crooked  legs,  the  small  head, 
tlie  high  curved  baclc,  the  short  belly  and  the  curved,  bushy  tail  —  all  of 
which  are  peculiarities  of  the  coon.  Near  these  oons  we  find  a  turtle  — 
but  a  turtle  in  a  most  novel  attitnde,  the  same  attittide  which  a  horse 
assumes  when  he  "  racks,"  two  legs  upon  one  side  thrown  forward,  two 
on  the  other  side  turned  back,  the  whole  flgure  being  distorted  and 
twisted  as  only  a  turtle  can  twist.  (See  plate  XIl.)  On  the  west  side 
of  Green  lake,  squirrels  aiipear  in  gi-eat  numbers;  every  one  of  these 
squirrels  has  a  different  attitude,  but  an  attitude  perfe<ttly  natural  to 
the  animal, 

II.  In  reference  to  tlio  work  of  identifying  the  animals  in  the  effigies. 
A  writer  in  the  Nation  of  New  i'ork,  seems  to  have  doubts  in  reference 
to  this  point.  lie  thinks  it  is  impossible  for  any  one  to  ti-aiu  his  eye  to 
reoogulKO  the  animals  in  the  figures  and  insists  upon  it  that  the  sur- 
veyor and  the  naturalist  be  summoned  before  one  undertakes  to  ident- 
ify the  animals  or  decide  as  to  the  intent  and  hidden  significance  of  the 
figures.  This  is  an  old  complaint  but  one  that  is  too  hypercritical  to 
be  heeded.  We  do  not  deny  the  value  of  the  surveyor's  services  and 
stated  in  the  verj'  introduction  to  the  book  that  the  first  discovery  of 
the  shape  of  the  efflgies,  was  made  by  those  engaged  in  the  work  of  sur- 
veying the  mineral  lands.  We  have  also  everywhere  given  credit  to  the 
gentlemen  who  first  platted  the  efflgies.  We  have  frequently  quoted 
Dr.  Lapham,  and  have  acknowledged  our  indebtedness  to  him.  We 
have  also  used  the  unpublished  notes  of  Mr.  H.  M.  Canfleld,  of  Baralmo. 
This  gentleman  seems  to  have  lieen  correct  in  all  of  his  observations. 
We  have  found  from  experience  that  the  eye  does  become  trained,  so 
that  it  takes  in  large  figures,  and  one  may  CJjme  to  recognize  the  animal 
intended  even  before  the  measurements  havo  been  made.  This,  how- 
ever, must  always  be  sul)ordinatc  to  the  surveying  and  every  observation 
must  be  verified  by  measuring  and  platting. 

Tlie  hidden  siguillcanco  of  the  effigies  can  not,  however,  be  given  by 
suncying.  This  comes  to  the  mind  only  after  a  long,  close  study  of  the 
efflgies  in  connection  with  the  very  locality  where  they  are  found.  They 
must  bo  compared  with  one  another  and  cla.ssified.  The  totem  system 
also  of  tlie  wild  tribes  must  be  studied  and  then  taken  as  a  key  into  the 
field  and  applied  to  the  different  groups  and  collections  of  groups.  We 
do  not  say  that  the  totem  system  as  it  is  now  known  will  solve  all 
the  problems,  for  there  are  many  things  which  baiBeus,  notwithstanding 
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the  applicatiou  of  this  system.  We  find  ourselves  on  the  borders  of  an 
unknown  realm,  so  much  lies  beyond  us  that  we  feel  that  we  have 
hardly  passed  the  rudiments,  still  we  are  sure  so  far  as  we  have  gone. 
It  is  possible  that  the  efllgies  are  myth  bearers  as  well  as  totems,  and 
that  we  shall  need  to  know  the  myths  before  we  can  fully  explain  the 
figures.  Picture  writing  may,  also,  have  been  practiced  in  the  effigies, 
for  there  are  groups  of  mounds  in  which  the  animal  figures  are  so  re- 
lated to  one  another  that  it  would  seem  as  if  there  was  a  pictograph  on 
a  large  scale, —  these,  however,  are  few  and  perhaps  we  shall  be  able  to 
explain  them  in  some  other  way.  There  may  be  other  escoteric  systems 
and  various  sacred  mysteries  embodied  in  the  effigies.  Possibly  a  trans- 
mitted symbolism  will  yet  be  discovered.  To  illustrate:  There  is  a  fig- 
ure of  an  owl,  with  its  projections  above  the  head,  making  it  resemble 
the  horned  owl.  The  eyes  of  the  owl  were  not  in  the  head  but  were  un- 
der the  wings  and  were  composed  of  two  small  (Circular  ponds  of  water. 
(See  fig  1.)  This  effigy  is  found  near  Merrit's  Landing.  The  whole  fig- 
ure taken  together  makes  a  symbol  which  is  very  common  in  America. 
The  symbol  consists  of  the  eyes  and  nose  of  the  divinity,  and  is  found 
in  Mexico  and  Central  America  as  well  as  in  the  mound-builders  region. 
The  same  symbol  was  found  by  Schlieman,  in  Troy. 


Fhj.  1.— Horn'.'d  Owl  near  Morrit's  lauding. 

III.  Location  of  tlie  clans.  In  tho  book  on  the  emblematic  mounds, 
we  stated  that  there  were  various  clans  whose  habitat  could  be  easily 
bounded;  within  that  ha])ltat  .all  tho  processes  of  clan  life  could  be 
recognized  in  tlie  efiigios.  We  stated  tliat  the  turtle  clan  was  located  on 
the  Rock  river  and  extended  from  Lake  Koshkonong  al>ove  Jauesville, 
through  Beloit  and  Rockford  to  the  mouth  of  the  Kishwaukee  river; 
possibly  Lake  Geneva  should  l)e  embraced  within  the  bounds  of  this 
clan.  We  located,  also,  the  panther  clan  on  the  Fox  river,  made  it  to 
extend  from  Milwaukee  to  Riicine  to  the  state  line,  and  embrace  the 
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large  group  of  mounds  near  Big  Bend  on  Fox  river,  and  including  an- 
other group  near  Burlington  on  the  same  river. 

The  wolf  clan  we  located  on  the  Milwaukee  river.  The  raccoon  clan 
on  the  Sheboygan  river.  This  fixed  the  map  of  the  southeast  part  of  the 
state.  The  southwest  part  of  the  state  was,  however,  uncertain.  Since 
the  book  was  published  we  have  visited  this  part  of  the  state  and  have 
passed  up  the  Wiscousin  river  a  second  or  third  time,  filling  in  the  links, 
and  are  now  prepared  to  give  the  chain  of  clans  which  stretched  from 
the  mouth  of  the  Wisconsin  river,  up  through  to  the  Dolls,  and  from 
the  Dells  across  to  the  Pox  river  and  from  the  Fox  dqwn  to  its  mouth. 
This  is  the  old  historic  waterway,  but  it  was  occupied  in  prehistoric 
times.  We  begin  in  the  southwest  part  of  the  state.  Our  first  point  is 
at  Potosi,  an  old  mining  town.  Here  we  identifled  two  serpent  efflgies 
and  a  panther  effigy.  The  mounds,  however,  here  are  mainly  long 
mounds  aud  stretch  in  lines  along  the  summits  of  the  narrow  bluffs — 
very  few  effigies  among  them.  (See  fig.  2.)  Cassvillowas  the  next  point. 
Here  we  discovered  on  the  estate  which  formerly  belonged  to  Gov. 
Dewey,  and  now  belongs  to  Gen.  Newberry,  of  Chicago,  a  large  number 
of  long  mounds.  There  is  a  large  group  of  burial  mounds  on  the 
bottom    land  opposite  the  picturesque  ruins  of  Gov.  Dewey's  house. 


Fia,  2.— Liae  ol  >IouDds  near  Potosi. 


Passing  up  the  Mississippi  river,  we  come  to  the  mouth  of  the 
Wisconsin  river.  Here  we  find  the  bear  or  buffalo  upon  one  side  and 
the  swallow  upon  the  other.  Po-ssing  up  the  Wisconsin  wo  come  to 
Boscobel.  Here  through  the  politeness  of  Dr.  Armstrong,  we  were  able 
to  vi^it  several  groups  both  west  and  ea-st  of  the  village  and  to  fix  the 
limit  of  the  swallow  clan.  The  group  which  marks  the  boundary  of  this 
clan  is  situated  near  Port  Andrews,  and  is  quite  a  remarkable  group.  It  ■ 
consists  of  a  line  of  swallows  over  a  mile  long.  (See  fig.  3.)  The  swallows 
are  ou  the  slope  of  the  hill  near  the  bank  of  the  river  and  underneath 
the  rocky  cliff  which  is  here  very  high.  The  road  runs  along  the  edge 
of  the  cliff,  and  overlooks  the  land  where  the  effigies  are.    They  can  be 
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phdnlr  Been  bom  the  road  and  are  veiT  IntflnsUng  and  beaatifnl  tbou^ 
they  an  bet  dLe^ppeaiing  under  the  plow.  There  U  one  mrallow  hece  of 
which  we  ehall  speak  hereafter.  It  le  at  the  end  of  the  Une  of  ewallowa 
bnt  iB  plaoed  by  itself  on  a  knoll,  and  so  aarrormded  by  long  ntonnds  aa 
to  be  protected  on  three  eldee,  ooiutltnthig  a  aort  of  enoloeore  by  Itaelf. 
Eeet  of  this,  In  the  nelgfabortiood  of  Unsooda  we  find  the  ea^  to  be  the 


Tha  eagle  ol&n  appeara  to  have  been  a  la^e  elan.  It  extended  from 
near  Port  Andrews,  up  through  all  the  towns  on  the  Wisconsin  river  and 
as  far  east  as  Sauk  City  and  even  extended  over  the  water-shed,  and  left 
its  totem  on  the  bunks  of  the  four  lakes  at  Madlaon.  Mr.  S.  Taylor  was 
the  first  to  reuognize  the  ea({le,  but  he  said  nothing  about  the  eagle  clan 
and  did  not  follow  up  the  subject  in  this  way.  In  fact  alt  the  early 
ArchsBoloBists  were  successful  in  their  work  of  identifying  particular 
birds  and  animals,  but  did  not  undertake  to  trace  the  clan  emblems  or 
to  study  the  totem  system.  The  eagle  efflgy,  discovered  by  Mr.  S.  Taylor, 
at  Black  Earth,  marks  the  western  extremity  of  this  clan.  The  eaglea 
which,  in  company  with  Prof.  F,  W.  Putnam,  we  discovered  at  the  Dells, 
may  have  marked  the  eH.stem  extremity,  though  the  center  of  the  clan  hab- 
itat proper  wa.*)  in  the  vicinity  of  Eagle  township.  We  notice  that  there 
is  a  difference  in  attitude  of  the  eagles.  At  Miiscoda  there  is  a  bird  efiOgy 
which  i»  about  1,000  feet  in  length  with  the  wings  straight  out.  Wo 
also  found  about  twenty  eagles  with  their  wings  partly  folded  in  the 
spread  eaglo  attitude.  At  the  Dells  of  the  Wisconsin  and  near  Sank 
City,  the  eagles  have  their  wings  in  a  str^ht  line,  exactly  as  they  are 
on  the  asylum  grounds  north  of  Madison.  At  Honey  creek  there  are 
two  eagles  near  a  game  drive,  and  near  the  game  drive  two  ellu  with  a 
foe  watching  the  elks,  but  in  this  same  locality  we  discovered  several 
swallows,  showing  that  the  swallow  clan  came  into  the  territory  of  the 
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eagle  olaD  and  placed  their  elan  efflgf  on  the  same  ground.  The  Bagles 
Reem  to  have  been  great  hunters,  for  there  are  a  great  many  game  drives 
in  their  territory — the  elk  aod  the  moose  being  very  Mmmon.  Next  to 
the  ea|;les  were  the  mink  — the  same  clan  that  we  have  referred  to 
before.  This  clan  seemed  to  have  had  ita  center  in  the  neighborhood  of 
Baraboa,  bat  it  extended  south  across  Sauk  Prairie  to  Honey  creek,  east 
to  the  four  lake  regiou,  north  to  the  neighborhood  of  Portage  and  north- 
east to  Buffalo  lake.  There  is  a  group  of  effigies  near  the  stone  quarry 
two  miles  west  of  Madison,  in  which  there  is  a  large  elk,  a  mink,  and  an 
eagle.  There  is  another  group  near  Merrill's  Springs,  la  which  there  are 
two  biiffalos  and  an  eagle,  but  no  mink,  and  half  a  mile  east,  two  eagles, 
a  wild  goose,  a  wolf  and  several  animal  effigies.  The  miuk  is  not  com- 
mon in  the  four  lake  region,  but  is  very  numerous  about  Baraboo.  The 
raccoon  is  auother  clan.  This  was  located  northwest  of  the  mink  clan  — 
in  Adams  county  aud  Juneau  county.  The  raccoon  is  a  very  interesting 
effigy.  It  is  difficult  to  measure  and  to  plat,  but  when  it  is  platted, 
comes  out  very  beautifully.  The  wonder  is  that  the  eiHgy  builders  could 
have  made  it  so  correct.  They  were  much  better  imitators  than  the  or- 
dinary white  man.  The  individual  who  has  made  the  work  a  study  sees 
more  skillful  molding  of  animal  forms  than  he  is  able  to  e^cercise  in  de- 
liiioatiug  them  and  is  led  to  go  beyond  the  critics,  especially  if  they  are 
critics  who  have  never  seen  these  imitative  forms. 

The  clan  east  of  the  mink  was  that  of  the  squirrel.  Their  habitat  was 
very  extensive.  It  reached  from  Buffalo  lake  across  Green  lake  to  Win- 
nebago lake,  and  occasionally  visited  Boricon  lake,  even  to  the  head- 
waters of  Milwaukee  river. 

IV.  The  manner  in  which  the  clans  marked  their  boiudaries  is  an- 
other point.  The  efflgy  builders  were  evidently  hunters,  but  they  were 
hunters  who  seem  to  have  carried  this  totem  system  to  a  great  length. 
We  find  clan  totems  present  everywhere  and  are  able  to  recognize  the 
clans  by  the  efBgies.  A  preponderance  of  one  particular  animal  or  bird 
over  all  others  will  be  so  great  in  one  region,  that  it  becomes  a  cer- 
tainty that  this  was  the  clan  emblem.  We  can  fls  even  the  habitat  of 
the  clau,  by  this  means.  Having  entered  into  the  region,  we  first  ascer" 
tain  the  preponderating  effigy,  then  follow  this  to  the  limits,  until  we 
find  a  change  to  some  other.  Witliin  the  bounds  the  clan  totem  appears 
not  only  in  the  villages  and  centers  but  near  the  game  drives,  and  near 
temporary  encampments.  We  ascertain  by  this  means  all  about  the 
clan.  2.  The  clan  totem  is  not  often  carried  beyond  the  habitat  but  ap- 
jKiai-s  near  the  Iwundaries  of  other  clans.  In  such  cases  the  effigies  which 
embody  the  totem  will  be  much  larger  than  nearer  the  clan  center.  There 
may  have  arisen  at  times  disputes  as  to  the  hunting  grounds.  This  would 
lead  the  clan  which  claimed  the  hunting  ground  to  make  its  totem 
specially  conspicuous.  3.  We  find  also,  that  the  emblems  which  are 
20— A.  &  L. 
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placc<l  on  the  Iwrders  l>etwoeu  two  clan  habitats  are  not  only  very  Lar^, 
but  they  seem  to  be  ossociatefl  with  all  the  animals  which  would  naturally 
be  hunted;  the  moose,  elk,  buffalo,  bear  are  grouped  together,  and  the 
clan  totem  placed  in  the  same  region. 

We  now  take  up  the  illustration  of  these  points.  Let  us  begin  at  Mer- 
ritt's  Landing.  (See  fig.  4.)  Here  there  are  two  or  three  very  large 
mink  effigies,—  one  of  tliem  7lK)  feet  long.  It  is  so  long  and  so  level  that 
the  farmer  who  owns  tlie  land  has  plMcerl  his  gateway  at  the  head 
of  the  mink  and  drives  to  his  field  on  the  ])ody  of  the  mink,  the  roa<l- 
way  being  open  where  the  effigy  is,  but  a  seoon<l  growth  of  timber  comes 
to  the  vor>'  e«lgeof  the  mink  on  either  side.  Tliis  mink  is  nearly  tus  long 
as  the  whole  drove  of  animals,  the  group  on  the  edge  of  the  lake  being 
1,000  feet  and  this  700  feet  long.    Another  mink  near  by  measures  iriO  feet. 


>  in  if    9^  'i^  /iiy  -<»  *••  t 


LOO  •>  ,^ 


•  •      #r 


•?.\ 


..V 


v 


Mtjtit\k*\-rtt 


4 


TrT^^TTm^.m.  .   .  -m 


i 


^      m  ^^  f«wa^     r«     •ror-TM.^    ..     .      -SfmJi^        Al^filt      /,ar*Jit^ 

yr^  ^     ■     '*  jt^j—'tJ''»7--^T  - ■ .. .-    -  ... '    — — r^ — _— >« 


'J'Ih'sc  ♦•fliLri*'^  mark  tlic  I'tn^li.T  of  tlic  liabitnl  (»!'  tln'  mink  rlaii.  Thi*^ 
clan  cxti'iidi'il  from  Sauk  Prairii*.  tlnnu'jli  llai-ah'io  ;n'n)>s  tin-  portago  «)f 
tin*  Wist'un^in  and  I'^ox  l■i\■rI•«^  to  llu'  X»»rtli  sMc  of  UiiHalo  lak<\  On  the 
smitli  ^i(l<'  nf  tin.'  lak<'  alxMit  U'li  mil*-^  to  tli»'  «*a^t  of  tin*  mink  clan 
tlu;  lial»itat  of  tlu'  Mpiirrel  dan  Ix'iran.  I>otIi  ('lan«^  >>(M'm  to  liavr  had  their 
Inintim:  Lrronndson  thi:>^  lako.  Thrrlk.  hnHalo.  moo^c,  wtTc  tin'  animals 
wliii'h  tln-y  ImntJMJ.  Tlifiv  are  many  «*lk  r(lli:i«'*^  on  llu.' north  si.U?  of 
tlio  lake  but  the  mink  (*lUj,'y  Is  associatj'd  with  tlirm,  mink  ♦•lll;ri«vs  being 
found,  aN<),  wpst  of  Ijuifalo  lake,  nrar  tln'  head  \vat<'rs  of  i]w  Kox  river. 
S(|uirn'l  <-(Iltri«'s extend  across  to  l*u('ka\vay  lake  on  <hr  north  sid<»  but  do 
not  cxtrn*!  \v«'st  of  IJutfalo  lake.  The  si|iiirn'l  clan  aUo  hunted  the  elk. 
There  is  ji  trroup  of  squirnM  ('iHj:ii's  near  Montello  but  there  is  an  elk 
ellk'y  surrounded  l)y  Mpiirrels.  and  everythiuLr  in  thi'  irroup  iji«licates  that 
it  was  tli(*  huntim:  i:round  of  the  MjuirreN. 

There  is  one  contrivance  which  the -^(juirrel  clan  adopted  that  i.s  worthy 
of   notice    here.      They  made   two  s<iuirri*ls  on   a  lar;,'(.'  si'ale,    twisted 


The  Clans  of  the  Effigy  Builders.  _     307 

the  ttdls  of  the  squirrels  around  over  the  back,  very  much  as  it  is 
twisted  in  the  squirrel  efflgy  on  the  asflum  grounds  opposite  Madison, 
but  between  the  tail  and  the  body  of  each  squirrel,  they  dug  a  large  pit 
in  the  aandy  soil  and  so  made  a  trap  for  the  animals  which  they  would 
drire  from  the  forests  towards  the  lake. 

It  is  probable  that  they  placed  timber  or  brush,  palisades  or  fences 
around  these  traps  but  the  squirrel  effl^es  and  the  pits  are  all  that  are 
left.  The  mink  clan  placed  a  moose  on  the  highest  bill  that  they  could 
And  and  from  the  top  of  this  massivo  ofUgj'  could  watch  the  squirrel 
clan  chase  their  game;  for  the  two  groups  are  not  so  far  apart  but  that  on 
a  clear  day,  tbey  might  recognize  their  presence  or  at  least  they  could 
exchauge  signals  with  one  another.  We  are  convinced  that  the  clans 
were  friendly  for  these  signal  stations  are  scattered  all  over  the  state; 
but  the  border  lands  between  the  clans  may  have  been  common  pro- 

V.  We  now  turn  to  the  clan  centers.  The  question  which  arises  here 
is,  whether  there  were  auy  clan  centers  whicli  can  bo  recognized.  It  is 
well  known  that  every  clan  has  its  central  organization,  its  village  .site, 
its  council  house,  its  burial  place,  frequently  its  place  of  sacrifice,  and 
its  own  place  of  assembly.  The  hunters  did  not  differ  from  others  in 
this.  They  had  game  drives  and  frequently  encamped  away  from  their 
tillages,  but  there  wa.4  among  them  a  clan  organization  aud  a  clan 
center.  It  has*  been  therefore  a  purpose  with  us  to  discover  the  clan  cen- 
ters. We  think  we  have  done  this  in  some  cases,  but  in  others  are  some- 
what doubtful.  In  the  book  on  Emblematic  Mounds  we  have  spoken  of 
the  villages  of  the  efflgy  builders,  one  located  at  Big  Bend,  another  at 
Waukesha,  both  on  the  Fox  river,  another  at  Rjicine.  Tlie  village  at 
Racine  was  situated  on  the  summit  of  an  isolated  bluff  and  was  sur- 
rounded by  conical  mounds  and  pauther  efflgies.  There  were  look- 
out mounds  on  adjoining  hills  and  garden  beds  in  the  valley  below 
and  a  large  number  ot  burial  mounibi  on  a  hill  opposite  the  village.  The 
village  at  Big  Beud  was  surrounded  with  oblong  mounds  and  panther 
effigies.  Opposite  thi^,  on  a  high  bluff,  was  an  altar  mound  and  some 
two  or  three  miles  west  was  a  game  drive  and  another  two  miles  north  of 
the  village,  Iwth  of  them  alMiiuding  with  jMinthor  efflgies.  Caches,  or 
pits,  for  storing  com  wore  uumerou<i  near  this  village.  The  enclosure 
at  AkI Ian  may  have  beea  a  clan  village  or  it  may  have  been  a  general 
capital  or  a  place  of  general  assembly  for  all  clans.  Mr.  W.  IL  Caufleld 
has  lo4;ated  the  village  of  the  Mink  clan,  near  Baraboo,  and  has  spoken 
about  the  council  house.  He  represents  this  as  a  sort  of  circle  or  en- 
closure, which  is  surrounded  by  a  large  number  of  animals,  the  mink 
being  the  most  numerous.  If  we  take  this  as  our  clue,  we  should  place 
the  council  house  of  the  Turtle  clan  on  the  east  side  of  lake  Koshkon- 
ong,  for  the  group  here  resembles  that  at  Baraboo  in  many  respects. 
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We  discovered  at  Green  lake,  a  circle  or  ring  of  earth  in  the  midst  of  a 
large  number  of  effigies,  the  fox,  eagle,  wild  goose,  but  the  scjuirrels 
largely  preponderated.  This  ring  was  situated  not  far  from  the  village, 
the  village  being  near  the  water,  with  the  squirrels  guarding  its  gate- 
ways, but  a  council  house  on  the  hilltop  remote  from  the  water.  One 
peculiarity  of  these  so-called  council  houses,  we  do  not  understand. 
We  find  around  them  so  many  effigies  which  are  different  from  the  clan 
emblems,  a  strange  mixture  of  animal  forms.  In  Catlin's  Indians  is  a 
description  of  a  medicine  lodge  of  the  Manilans.  Tlie  medicine  man  sits 
in  hLs  lodge  and  summons  all  the  animals  which  are  the  totems  of  all 
the  tribes.  We  have  tlie  same  picture  in  the  efligies.  In  one  place  at 
Lake  Koshkonong,  wo  have  the  eagle,  turtle,  the  fish,  i>igcon,  woodcock, 
the  blue  heron,  the  wolf,  the  lizzard  and  many  other  animals.  At  West 
Bend  we  have  the  lizzard,  the  wolf,  wild  (^at,  coon,  snake,  and  about  a 
dozen  squirrels.  At  Baraboo  we  have  the  elk,  buffalo,  bear,  wolf,  eagle, 
coon,  fox,  and  a  large  number  of  mink.  At  Beloit,  the  panthers,  wolf, 
bear,  pigeon  and  several  turtles.  All  of  these  are  grouped  together  in  a 
very  remarkable  manner.  We  call  these  council  houses,  but  we  do  not 
understand  all  of  the  features  that  are  embodied  in  the  group.  This  is 
the  point  which  we  confess  to  be  obscure,  but  think  we  are  on  the  bor- 
ders of  a  constructive,  rich  field,  but  do  not  pretend  to  have  fathomed 
the  subject. 

VI.  The  citadels  or  sacred  enclosures  will  be  considered  next.  Here  we 
draw  a  distincjtion  between  gi'oups  of  effigies,  in  the  midst  of  which  are 
the  circles  or  earth-rings  which  we  call  council  houses  and  the  long  lines 
of  (.'fligios  at  the  end  of  which  are  what  we  call  "sacred  enclosures,"  but 
wliich  Mr.  S.  Taylor  called  *' citadels.*"*  These  are  lines  of  long  mounds 
which  have  no  "  citadels  ""  or  "  iuclosures  *'  connected  wit  h  them.  These  are 
placed  "  generally,"  at  the  summit  of  long  narr(»w  bliitTs,  on  higli  laud,  and 
were  proi>ably  used  eit  her  as  screens  or  hedges  or  ]>arriers  to  stop  the  llitjlit 
of  wild  game,  to  drive  th(»ni  into  narrow  <.)penings,  or  as  elevated  roads  for 
hunt(»rs  to  run  upon  when  th(»y  were  chasing  the  game.  Tliey  are  in  the 
most  sightlj'  places,  and  are  elevated  to  a  uniform  height  and  run  along 
tlie  summit  of  the  blulf  for  many  miles.  There  are  very  few  effigies  con- 
nected with  them.  They  are  different  from  the  liin'sat  the  end  of  which 
are  the  citadels.  The  "  citadels,"  so  called,  are  nothing  but  little  clus- 
ters of  ofligies,  five  or  six  in  number,  so  arranged  that  they  forma  sort  of 
enclosure.  In  the  center  of  the  area,  there  is  always  to  be  seen  a  mound 
of  some  kind,  either  a  high  lookout  mound,  or  an  efligy .  There  are  many 
such  citadels,  at  least  one  to  every  clan  habitat.  A  good  illustration  of 
this  is  found  in  the  isolated  clusters  in  the  Port  Andrews  group  opposite 
lioscol  >el.  I  See  fig.  .'Jand  5)  Here  the  olligy  is  a  swallow  a  totem  of  the  clau 
^vhich  lii^s  to  the  we?>t.  It  is  surrounded  l)y  long  mounds,  and  forms  an 
\ini(iue  cluster.  It  is  at  the  end  of  a  long  line  of  effigies,  all  of  them  swal- 
lows.  Another  example  is  foiuid  near  Muscoda.  The  group  is  here  prom- 
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ineiit  and  forms  the  top  of  the  principal  monud;  (M!cupying  the  centcrof 
the  euclosure,  may  b(?  seen  at  least  100  elevatioos,  which  stretch  about  400 
yards  to  the  westward.  The  effl^ies  which  form  the  walls  to  thisenciosure 
are  eagles,  the  eagle  being  the  totem  of  the  clan  at  Muscoda.  A  simi- 
lar cluster  has  beeu  doacribed  by  an  old  settler  liviug  aear  Merritt's 
Landing,  as  having  formerly  existed  on  a  knoll  not  far  from  hb  house. 
The  efflgies  surrounding  the  enclosure  were  mink,  their  tails  extending 
out  long  distances,  like  the  npokes  of  a  wheel,  their  heads  toward  the 
center.  We  have  said  that  the  mink  was  the  totem  of  this  region.  We 
would  say  also  that  one  of  the  groups  of  efBgies  of  this  place  consisted  of 
a  long  line  of  elks  which  stretch  along  the  borders  of  the  lake.  The  so- 
c^illed  citadel  on  the  top  of  the  hill  was  not  far  from  the  end  of  this  line. 


Mr.  K  C.  Taylor  discovered  a  long  line  of  ■'  bear  oftligies  "  near  the  "  Blue 
Mounds"  in  Dane  county.  In  the  line  wa-s  the  man  mound.  Tlie  line 
wiis  alvjut  one  and  oue-half  miles  in  leiifith  and  contained  si\  efHgie.s  of 
bpiirs.  six  oblong  mounds  and  one  efflgj-  of  the  human  fltrure  and  u  small 
circle.  There  is  a  group  on  the  south  shore  of  Lake  Mcndota  neur  Mer- 
ril's  Springs.    Here  there  is  a  short  line  of  burial  mounds  with  the  efflgj- 
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of  the  eagle  at  one  end.  At  the  east  end  two  bufFalo  effigies,  three  ob- 
long mounds,  arranged  around  a  central  lookout  or  conical  mound.  This 
we  should  hardly  call  a  citadel  though  it  illustrates  how  the  effigies  are 
sometimes  clustered  or  grouped  around  a  central  mound. 


Fto.  0.— Group  oC  Moundx 


The  group  on  the  north  shore  of  Z^ke  Mendota  differs  from  this  and 
from  nearly  allothergroups  which  we  hare  visited.  (See  fig.  G.)  Here  the 
effigies  are  neither  in  a  line  with  a  citadel  at  the  end  uor  are  they  grouped 
around  a  central  circle  with  the  "  council  house  "  in  the  circle  but  they 
are  arranged  In  a  row  with  the  heads  of  many  of  them  toward  the  lake. 
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ThtTO  ail?  ill  this  entire  gniiip  from  W  to  iiJ  mounds-  many  of  them 
e(lli;ics,  but  uo  <nie  clii^s  of  fitllnics  prepoiulcrnting.  At  one  (■iid  is  a 
vyrj-  hirire  ruiimiil  wliich  we  cull  a  pantln'r,  m>xt  to  this  is  ii  mink,  iit  I  he 
cud  of  t.hi'  mink,  a  mm\  iiiouinl,  iiuar  this  a  butfalo,  next  the  fox.  tUeu 
tUo  bi'iir,  and  another  man  mdiiiid  iitid  tlii-ee  or  four  piKciins  of  K'iKantio 
size.  l.Sif  lift.  T.I  111  tin.' front  of  tlif  asylum  llin*  wiglosa  wi.lf.a  beiir,a 
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fox  luid  &  squirrel.  West  of  the  Eksylam  we  find  three  long  moauds  with 
an  effigy  in  the  midst  on  the  side  hill— on  the  top  of  the  hill  an  animal 
with  a  very  long  tail,  possibly  a  squirrel,  another  with  a  short  bushy  tail, 
perhaps  a  raccoon,  another  man  mound,  and  a  large  duster  of  burial 
mounds,  one  of  which  contained  on  altar.  These  effigies  do  not  bear  the 
right  proportion  to  one  another,  for  the  panther  is  some  two  or  three 
times  larger  than  the  buffalo  and  the  pigeon  Is  even  larger  than  the 
panthers.  The  fox  is  very  slender  but  the  two  man  mounds  are  even 
smaller  than  the  fox;  the  deer  is  very  small,  not  an  eighth  as  large  as  the 
eagle,  but  the  squirrel  has  a  tail  300  feet  long,  which  is  really  the  longest 
tail  we  have  anywhere  seen. 

Our  explanation  of  these  two  classes  of  works  is  that  one  (the  citadel) 
embodied  the  coudcU  houses  or  assembly  places  of  the  clans,  the  other 
the  houses  of  the  chiefs  or  clan  rulers.  This  is  conjectural  but  satisfies 
the  demands  of  the  problem  better  than  any  other  conjecture.  We 
throw  it  out  merely  as  a  soggestion,  but  would  caD  attention  to  the 
different  classes  of  mounds  as  they  are  brought  before  us  on  this  general 
map.  The  habitats  of  the  different  clans  may  certainly  be  ascertained 
by  the  totems.  We  think  also  that  Uie  clan  centers  can  also  be  ascer- 
tained and  the  different  places  where  clan  life  embodied  itself  can  be 
identified.  Their  villages  with  their  game  drives,  burial  places,  sacrificial 
places,  dance  grounds,  assembly  houses,  council  houses,  and  the  houses 
of  their  chiefs,  all  can  be  located  by  the  study  of  the  effigies. 
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THE  LIMONENE  GROUP  OF  TERPENES. 


By  EDWAED  KREMERS. 

The  following  historical  study  was  undertaken  with  the  desire  to  throw 
some  light  upon  the  history  of  the  terpenes.  This  class  of  compounds 
has  been  of  interest  to  chemists  ever  since  organic  chemistry  may  be  re- 
garded as  a  science.  Year  after  year  the  material  accumulated  until  by 
the  beginning  of  the  last  decade  it  constituted  a  special  lumber-chamber 
of  chemical  literature.  The  reasons  for  this  disorder  are  of  a  varied 
character.  The  thought  that  every  volatile  oil  contained  its  peculiar 
terpene,  when  such  was  present,  for  a  long  time  seems  to  have  prevailed 
in  the  minds  of  chemical  investigators.  Another  grave  fault  is  to  be 
found  in  the  fact  that  one  investigator  often  gave  but  little  or  even  no 
attention  to  the  researches  of  others.  This  brought  about  serious  con- 
fusions in  the  chemical  nomenclature,  which  in  turn  gave  rise  to  mis- 
understandings everywhere.  The  reason  why,  even  in  later  years,  so 
little  could  be  done  to  clear  up  the  subject  is  to  be  sought  in  the  fact 
that  for  the  most  torpeuos,  uo  chjiracteristic  reactions  wore  kiiowu. 
Since  at  proseut,  at  loast  some  systematic  knowledge  lias  been  ac(iuired, 
it  may  not  bo  without  interest  to  look  back  and  see  who  lias  identified 
himself  with  tlio  i)roblems  under  consideration,  who  has  aided  in  their 
solution  and  wlio  lias  retarded  the  same.  Tn  the  course  of  years  the 
amount  of  material  has  accumulated  to  such  an  extent  that  a  survey  of 
the  same  is  a  diflicult  matter,  even  for  the  person  who  has  made  a  special 
study  of  the  subject.  In  fact  an  understanding  of  the  Limonene  group 
of  terpenes  became  possible  only  after  Prof.  Wallach,  in  188S,  had 
demonstrated  the  relations  existing  between  the  members  of  this  group. 

For  the  ]>etter  understanding  of  the  subje(*t  the  following  explanatory 
remarks  may  serve  as  a  brief  introduction.  The  limonene  group  of  ter- 
penes consists  of  three  hydrocarbons:  the  optically  active,  dextrogyrate 
and  la>vogyrate  limonene  and  the  optically  inactive  dipentene.  Whether 
the  inactive  compound  resulting  from  the  mixture  of  equal  parts  of  the 
optically  active  components  is  identical  with  dipentene  still  remains  an 
open  (inestion.  Suflice  it  is  to  say  that  all  crystallizal)le  derivations  of 
such  an  optically  inactive  mixture  are  identical  with  the  corresponding 


*TJk*so  in»t«'s  an'  ti-ai^laled  from  a  series  uf  artieles  published  on  this  subject  by  the 
writt!!-  in  the  "  PhaniiaeeutiKclie  Kimdsohau "  of  181)1  and  l^'.):^. 
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dipentene  compounds.  The  tvo  physical  modiScatlons  of  limcuene  can 
add  one  moleculo  of  hydrogen  chloride  without  loosing  their  optical  ac- 
tivity. The  additions  of  a  second  molecule,  however,  renders  them  op- 
tically inactive,  they  are  then  no  longer  limonene,  but  dipentene  com- 
[lounds,  Pineue,  the  most  characteristic  hydro-carbon  of  the  turpentine 
oils,  adds  one  molecule  of  hydrogen  chloride  to  form  the  so-called  arti- 
ficial camphor,  or  pinene,  monhydrochloride.  Under  certain  conditions 
It  also  will  add  two  molecules  of  hydrogen  chloride  and  thus  be  converted 
into  dipentene  dihydrochloride.  Limonene  as  well  as  pineue  can  be 
"inverted"  into  dipeuteue.  This  iuversiou  can  also  talce  place  through 
terpin  hydrate.  Limoneue,  and  piueue  even  more  readily,  will  add  three 
moleculesof  watertoformterpinhydrate,  Thisopticallyinactive  hydrate 
is  no  longer  either  a  limonene— or  pinene— but  a  dipentene  derivative  . 
As  will  be  shown  later  these  inversions  for  a  long  time  baffled  chemical 
investigators,  aud  it  is  but  recently  that  their  character  is  being  under- 
stood. This  knowledge,  the  outcome  of  a  series  of  investigations  by 
Prof.  Wallach,  has  at  last  shed  considerable  light  upon  the  oonstitutioa 
and  isomeric  relations  of  the  terpenes. 


THE  HYDROCARBONS. 


De.rlro<ji)nite  Lii 
Citrene  —  J.  Dumas,'  1833. 
Essence  de  citron — J.  Dumas  '  A:  '. 
Citronyl  — Blaiichet  i  Sell,'  1S33. 
Can-en  "  —  Scbwei/er,'  1810. 
Hesperldene  — Wright  Piesc,"  1871. 
Citren "         ; 
Hesperiden    ( V-'allach." 
lamonen-Wallach.  1S84. 
Citrene  —  Yoshida,  1885. 
Rechts-Limoiien  —  Wallach '-,  18*^. 

Dumas'  stated  (18:1.1)  that "  Citrine,"  the  hydrocarbon  from  oil  of  lemon 
is  isomeric  with  "  campht-ui',"  the  hydrocarbon  from  turpentine  oil,  with 
this  dilTerence:  the  molecule  of  the  former  is  but  half  as  largo  as  that  of 
the  latter.  This  distinction  is  shown  by  their  dilforcDt  c^ipacity  for  ab- 
sorbing hydi-ogeii  chloritle.  He  regarded  the  natural  "citrene"  uiextro- 
gyrute  limonene)  as  being  id  cut  icul  with  the  artificial  hydrocarbon  ivhich 
he  recovered  from  the  hydrogen  chtoride  addition -product  ( namely  dipen- 
tene), and  which  he  also  designated  as  "citrene." 

Blanchetand  Sell-  (18:ni  designated  as  "citronyl"  that  hydrocarbon  of 
the  lemon  oil  which  is  cftpal>le  of  forming  a  solid  comiioumi  ("festes 
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salzsaures  citronenol  **)  with  hydrogen  chloride,  and  regard  it  as  iso- 
meric with  "  Dadyl "  that  hydrocarbon  of  turpentine  oil  which  is  cap- 
able of  yielding  a  crystallizable  compound  with  hydrochloric  acid. 

Soubeiran  and  Capetain  (1810)  distinguish  for  the  first  time  between 
limoneno  and  dipentene.  They  had  determined  the  rotatory  power  of 
their  original  material  (for  the  **  essence  de  citron  rectifiee  [<r]    =  80'*.916 

dextrorotatory),  but  found  the  "  camphre  de  citron"  (dipentene  dihydro- 
chloride)  obtained  from  it,  as  also  the  regenerated  "citrone"  (dipentene) 
to  be  optically  inactive.  The  difference,  they  state,  is  the  same  as  that 
between  the  "terebene"  (o-Pinene)  and  the  essence  of  turpentine  (-Pi- 
nene).  They  also  call  attention  to  the  fact  that  the  "  essence  de  tereben- 
thine"  (-Pinene)  retains  in  the  "  camphre  solide"  (Pinene-monhydrochlo- 
ride)  its  optical  activity,  and  that  "S'il  est  possible  de  supposer  que 
Tessence  do  terebenthine  soit  entree  sans  alteration  dans  le  camphre 
solide,  on  ne  pent  se  refuser  a  roconnaitre  que  dans  ancune  de  ses  com- 
binaisons  Tesscnce  de  citron  n'a  conserva  son  6tat  meleculaire  primitif ." 
Soubeiran  and  Capetain  had  thus  recognized  and  pointed  out  the  diff er- 
enc<j  beeween  the  hydro-carbons  we  now  designate  as  dextrogyrate  limo- 
neue  and  dipentene,  and  had  also  indicated  the  inversion  of  one  inta 
the  other.  But,  although  they  isolated  and  identified  the  dextrogyrate 
limoneno  from  the  oil  of  orange,  they  do  not  at  all  call  attention  to  the 
identity  of  the  same  with  that  from  lemon  oil. 

In  1840  Schweizer^  isolated  from  the  oil  of  caraway  a  hydro-carbon^ 
which  ho  designated  **  carven "  ( -h  Limonone).  By  passing  hydrogen 
chloride  into  it  h(.' ol)taiiiod  a  ilihj'dro  chloride  melting  at  TiO^  (Dipentene 
(lihyflro  chloride).  Tho  hydro  carbou  rogcneratod  from  this  compound 
by  means  of  lime  ho  ret'arded  as  unc•halli^'od  earvcno.  Based  upon  liis 
analyses  and  vai)or  density  determinations  ho  assigned  to  tho  ''oarvou" 
tho  formula  C  ,,,1^1...      Boiling  point  173   C. 

Tt  is  quite  ap])arent  from  wliat  has  been  stated  above  that  tho  ditf(*ront 
canacltv  for  the  saturation  of  hvdroi^en  chlnrido  was  roi^^ardofl  as  chief 
distinction  between  pineno  and  Umoueno.  Based  upon  tho  direct  for- 
mation of  dii)enten(^  dihydro  chloride  from  tui pontine  c)il,  Bertholot '• 
(1S.V2)  claimed  tliat  tlie  distinction  between  turi)ontine  oil  and  lemon  oil, 
i.  0.,  ]>et  ween  i)ineno  and  limoneno.  was  not  at  all  essential,  lie  seems  to 
ro^'ard  both  as  irlenticahthou^di  he  a<lmits  a  slight  difforonco  on  account 
of  tho  somewhat  valuing  stability  of  tho  moloculo  of  tho  two.  As  a 
further  proof  for  the  latter  ^tatf^mont,  ho  shows  later  that  limoneno  is 
not  as  easily  affected  by  lioat  as  pineno"  '. 

Already  in  ISIO  Volckel "  had  surmised  tho  oxistouco  of  a  hydrocar- 
bon beside-;  carvol  in  tho  oil  of  caraway.  In  1853-' ho  pointed  (mt  the 
apparent  ^'(Mi<»tic  relations  existing  between  carvol  and  this  hydrocar- 
bon, the  so-called  carvono  ('-h  limonone).  Although  VolckolV  formulas 
have  long  been  discarded  the  fact  remains  and  is  of  historic  interest. 


they  coacludo  that  the  formula    11  expresses  in  part  "the  group- 
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In  1661  Gladstone  attempted  to  introduce  order  into  the  then  already 
ohaotio  condition  of  the  terpene  literature.  Based  upon  physical  and 
chemical  properties  he  classified  the  terpenee  into  three  great  groups. 
It  is  of  special  interest  to  note  that  he  would  regard  the  terpenes  from 
sweet  orange  oil,  lemon  oil  and  the  oil  of  citrus  medica  as  identical 
rather  than  isomeric. 

In  1871  Wright  &  Piese"  oxidized  hesporideue  from  orange  oil  {+  lim- 
onene) with  chromic  acid  mixture,  and  obtained  acetic  acid.  From  this 
CH.  CH. 

'A      " 

ing  of  the  constituent  carbon  atoms."  Nitric  acid  o.\idizes  hesperidene 
to  oxalic  and  carbonic  acids. 

Two  years  later  Wright"  obtained  from  hesperidene  besides  acetic  and 
formic  acid  a  substance  Cn  H,,  O  when  oxidized  with  chromic  acid 
mixtures.  When  oxidized  with  nitric  acid  he  obtained  oxalic  acid  and 
hesperidinic  acid,  C,o  H,,  O, ,,  but  no  tereiihthatic  aci'il. 

When  a  molecule  of  bromine  is  added  a  liquid  non-characteristic 
dibromide  is  formed  which  when  heated  splits  off  hydrobromic  acid  and 
cymene  results  which  is  identical  with  the  cymeue  obt.  from  pinene  and 
"  citrene  "  (4-  limonene  from  oil  of  lemon).  From  this  Wright  concludes 
"  that  these  three  terpenos  may  all  be  regarded  as  dibydrides  of  cymene." 
The  yield  of  cymene  from  "  hesperidene  dibromide  "  was  80  per  cent,  and 
from  the  cymene  he  obt.  by  oxidation  45  per  cent  of  terephthalic  acid. 
From  the  latter  experiment  he  concludes  that  "the  production  of  tereph- 
thalic acid  "from  cymeue  by  oxidation  shows  that  two 'lateral  chains' 
are  present;  and  as  toluic  acid  is  also  obtuoable  from  cymene,  one  of 
these  must  be  methyl  (since  toluic  acid  gives  rise  to  methyl-benzene  to- 
luene); cymene  therefore  is  either  a  methyl  propyl-benzene  or  a  methyl 
isopropyl  benzene." 

As  to  some  of  these  views,  however,  Oppeuheim  "  has  claim  of  prior- 
ity. He  had  obtained '■citrene  cymol"  by  addition  of  bromine  to"cit- 
rene"  and  then  splitting  off  hydrobromic  acid  by  means  of  anilin;  also 
according  to  Kekules  method  by  adding  iodine  and  splitting  off  hydro- 
iodic  acid  with  the  aid  of  heat.  In  his  oxidation  experiments  with  dilute 
nitric  acid  he  obtained  not  only  terephthalic  acid  but  also  para-toluic 
acid  and  acetic  acid.  Neither  "terpene  cymol"  nor  "citrene  cymol" 
therefore  contain  an  etlyl  group,  but  both  have  in  para-position  methyl 
and  propyl.  The  formation  of  acetic  acid  makes  it  probable  that  the 
latter  is  isopropyl. 

Already  a  year  previous  Oppeuheim"  had  remarked  that  the  terpenes 
were  hydrocymols.  Remarkable  are,  however  his  words  which  be  wrote 
shortly  after.  "The  fact,  however,  that  until  now  paracymol  has  only  been 
obtained  from  terpenes  may  well  create  the  suspicion  that  even  the  mild- 
est reaction  according  to  which  hydrogen  may  be  abstracted,  the  action 
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of  iodine  on  the  terpenes,  distorbeB  the  molecnlor  arrangement  of  the 
aaine  and  ouises  a  reuruigemeDt  of  the  stoma  whloh  prevents  us  from 
reoogiUEing  the  original  Btraetore  of  the  terpenes." 

In  the  aeveoties  TUden  introdoced  a  new  class  of  terpene  derivatives 
which  proved  of  exceeding  Interest  And  Importance.  His  nltros^lchlor- 
Ide  addition  prodacts  and  the  nltro  terpenes  obtuned  therefrom  afforded 
a  brtter  means  to  dlsttngniBh  the  hydrocarbons  of  the  pinene  group 
foom  those  of  the  limonene  gronp.  He  showed  also  that  the  terpenes 
from  orange  oil,  bergamot  oil  and  caraway  oil  afforded  the  same  nitro- 
Bf  lohloride  addition  product. 

'With  the  year  1681  there  began  a  new  era  in  the  literature  of  terpenes 
and  volatile  oils.  Wallach  bad  succeeded  in  preparing  a  tetrabromide'* 
of ''cynene"  Cio  ^11  ^''4  (now  Diptntene  tetrabromide),  a  handsomely 
ciTstallizable  body  which  melted  at  124*.  Boon  after  he  obtained  a 
tetrabromide  from  "  hesperldene  "  (  +  limonene),  which  crystallized  in  a 
very  similar  form,  but  melted  at  1M°.  Wallaoh  wrote  at  the  time, "  There 
seem  to  exist  very  close  relations  between  "  oynene  "  and  "  hesperldene," 
but  no  complete  identity."  In  theae  tetrabromides  we  have,  as  it  were, 
the  key  to  our  present  knowledge  of  the  terpenes,  Tliese  two  terpenes 
which  for  decailos  had  been  a  fitumbling  block  to  chemists,  were  now 
characterized.  The  importance  of  these  substances  already  becomes 
evident  from  the  second  contribution'"  of  Wullach  four  months  later. 
By  meansof  the  tetrabromide  Wallach  proved  the  presence  of  limonene  in 
the  fraotinn  ITo'  of  tlie  following  oils:  lemon  oil  (so-called  "citreue  "). 
bergamot  oil,  caraway  oil  (so  CAlled  "carvcnc"),  dill  oil,  erigerou  oil  and 
in  the  oil  of  the  leaves  of  piuus  sylvestris. 

Walluch  showed,  furthermore,  tliat  these  fractions  could  be  inverted 
into  dipentono  by  means  of  heat  (temp,  of  ;2liO-270°)  as  was  Bbo«Ti  by 
means  of  the  dipentene  tetrabromiile.  .\lso  by  adding  two  molecules 
oF  hydrogen  chloride  and  splitting  off  the  same  by  heating  with  aniline 
and  converting  the  resulting  hydrocarbon  into  its  tetrabromide. 

Wallach  then  characterizes  limonono  in  the  following  manner:  "  It 
boils  between  175-177°,  aud  possesses  a  lemon  like  odor.  It  produces  n 
nitroso  derivative  which  melts  at  71°,  and  a  tetrabromide  which  melts  at 
101°,  and  crystalizos  in  rhombic -hemieilric  forms.  Hydrogen  chloride 
converts  it  in  othcrial  solution  into  a  dihydrochlorido  of  iHjyenfetie 
wliich  melts  at  50°.  Ileaperidono,  citreue,  canene,  etc.,  are  hereafter  to 
be  desigufttod  as  limonene." 

The  true  oharactcr  of  limonene,  i.  6.  its  position  as  the  dextrogyrate 
member  of  the  limonene  group  became  apjtareut  in  18S8  when  Wallach*' 
recognized  lajvugyrate  limonene  as  such  and  succeeded  in  the  .lynthoti- 
cal  preparation  of  dipentene  derivatives  from  its  dostrogyrate  aud 
laivogjTiite  components.  The  peculiar  diifcronces  between  the  limo 
nencs  and  dipentene  as  revealed  in  their  derivatives,  as  also  the  singular 
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positiau  of  the  dipeutene  deriiratii'ea  whon  compared  with  the  optically 
inactive  lierivntives  of  pinene  and  camphene  mast  bo  considorod  later. 
It  is  no  doubt  largnly  due  to  these  peculiarities  that  our  knowledge  of 
the  relations  existing  between  the  members  of  the  Umoaoue  group  was 
so  long  retarded. 


Ltevogyrate  Limonene. 

Limonon  —  WaUach '  ISftL 
Citreno  — Yoshida'lSSo. 
Liuks-Limonen  — Wallach  '  1888. 

ApiMirently  Deville'  (1819)  has  first  described  laevogyrate  limonene, 
without,  however,  recognizing  its  peculiar  relation  to  dextrogyrate  limo- 
neue,  then  chiefly  known  as  citrene.  From  elemioil  Doville  obtained  a 
hydrocarbon  which  had  the  constant  boiUuR  point  171°,  and  to  which  ho 
ai^sigaed  the  composition  CigH,,.  At  11°  it  had  the  specific  gravity  0.849; 
coefficient  ot  refraction  1.4719  at  14'C;  specific  rotatory  power  -90*,  30; 
vapor  density  4.84  (calculated  4.7G).  With  hydrogen  chloride  ho  obtained 
acoiupound  to  which  he  assigned  the  formula  C,o  Ha  H  CI,  and  of  which 
ho  states:  "  La  rotation  de  a  camphre  est  nuUe  comme  celle  du  cam- 
phre  de  citron,  son  isomdre." 

In  1884  Wallach  demonstrated  by  means  of  the  totrabromide  reaction 
the  presence  of  limonene  in  the  oil  from  pinus  sylvestris  without,  how- 
ever, paying  attention  to  its  optical  properties.  In  the  following  year 
Voshida'  isolated  from  camphor  oil  a  fraction  172-173°  of  the  com- 
position C,a  H,,  of  which  he  writes  (p,  787):  "This  hydrocarbon  is 
probably  chemically  identical  with  citrene,  the  main  constituent  of  the 
so-called  essence  of  lemon.  The  point  of  difference  from  the  lemon  oil 
citrene  is  its  lavorotatory  power,  viz.  {a\.  =  — fi8.3",  bat  this  can  be 
looked  upou  as  a  physical  difference  between  the  two,  such  cases  being 
common  among  the  optically  active  terpenes."  Voshida  obtained  from 
this  fraction  a  " Dihydrochloride  of  Citrene,"  Co  Hi,  ,H  CI  (melting 
point  oS-.tO"  C),  but  did  not  succeed  in  making  the  nitroso -chloride.  By 
the  addition  of  one  molecule  of  bromine  and  splitting  off  hydrobromic 
acid  he  obtained  cymol,  which  upon  oxidation  yielded  40  p.  c.  tercph- 
thalic  acid. 

In  1888  Wallach'  showed  that  Isevogyrate  limonene  occurs  in  the  oil 
from  th<!  leaves  of  pinus  picaea.  "  The  lEBVogyrate  limonene  has  a  con- 
stant boiling  point  ot  175-170%  its  spec.  gra\'ity  was  0.846>  at  20%  [a]^  = 
—  105° .  Tetrabromide  and  nitroso-chloride  clearly  demonstrate  the  op- 
posite character  of  the  hydrocarbon  with  reference  to  Its  dextrogyrate 
congener. 


Oltrto*  ■  —J.  Damas,  1SS3. 
OltniiiTl  ■  — Blnnetiet  and  Sell,  1833. 

-H!lmly,1835. 
OitrAoB ' — Boabetran  and  detain,  ISIO. 
Carrea  '— Sohtrolaer,  ISU. 
C3yiito»— Vaiok(il,1851 
CiiuebeQ '  — Hlnwl,  18S4. 
Csoutobliw  *— ^VUllBmB,  1860. 
Cyaea  •  —  Onebe,  isra. 
iBoMrtbenthAoe  " — J.  Bihan,  1871. 
Di-laoprtne  "  — fiooohardat. 
TerpiUne  "— Booohardat. 
Dlpentene  " 

Terp«i«  "  —        y  mden. 
Terplluie  — 

Cltreoe  ■' —Watts,  1886. 
Grnen  '*— WaUaob,  U 
Ctajepaten  "— WaUaoh. 
Cinen  »— Wallaab,  1881. 
Dipented  "  —  Watlaota,  1884. 

In  on  article  "Sur  la  oombin^sonde  reBsence  de  citron  avec  I'aolde 
mariatlqae,'"  Saosaore"  (1S30)  states  that  from  the  "muriate  oitr6"  (dipea- 
tene  dihydrochloride)  the  hydrochloric  acid  can  be  removed  in  part  by 
distillation  with  caustic  lime. 

In  1833  J.  Dumas  reports  on  the  refteneratiou  of  the  hydrocarbon 
"  utrSne "  (dipentene)  from  the  "  oamphre  de  citron "  (dipeutene 
dihydrochloridej  by  repeated  distillation  with  canstic  potossa  and 
caustic  baryta.  He  os-signs  to  the  regenerated  hydrocarbon  the  formula 
C,  H,  aud  makes  about  it  the  following  concluding  remark:  Hi  '1  est 
done  certain,  que  cette  mati^re,  qni  fait  presqoe  totalite  de  I'es 
citron,  est  isomerique  avec  celle,  qni  forme  dosoncdt^  la  presqae  totality 
de  I'essence  de  t^reboothiue,  avec  cette  difference,  que  la  condensation 
des  Elements  est  doable  dans  la  domi^re."  From  these  remarks  it  be- 
comes quite  evident; 

1.  That  Dumas  recognizes  the  isomerifim  between  pinene  and  limo- 
nene,  resp.  dipentene. 

2.  He  supposes  the  limonene  present  in  the  oil  of  lemon  to  be  identi- 
cal with  the  dipentene  regenerated  from  the  dipentene  dihydrochloride 
obtained  by  the  addition  of  hydrogenchloride  t&v*gd  by  the  inversion  of 
limuuene. 

3.  He  rocognizea  the  fact  that  limonene  will  absorb  agaT^ 
hydrogenchloride  as  plneue.    lAboring  under  the  false  supposition 
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a  molecule  of  hydrocarbon  can  combine  with  but  one  molecule  of  hydro- 
gen chloride,  he  comes  to  the  conclusion  that  the  molecule  of  limonene, 
reap,  dipentene  is  but  half  as  large  as  that  of  piuene. 

Blaucbet  and  Bell*  (IS33)  obtained  independeutly  the  same  resultsand 
come  to  the  rery  same  conclusions. 

In  IS-lo  Himly  '  obtained  from  the  products  of  dry  dlHtillation  of 
caoutchouc  a  fraction  1GS-171°.  Saturated  with  hydro^ten  chloride  this 
yielded  "  salysaures  Kaut»chen,"  (dipentene  dihydrochloride)  from  which 
the  hydrocarbon  can  be  reKeneratod  by  distillation  with  caustic  gotassa 
and  rectiflcatioQ  over  metallic  potassium.  The  regenerated  hydrocarbon 
was  colorlesH,  posses-sed  a  limonene  odor;  spec,  granty  0.8*23  at  IG"; 
boiling  point  171';  vapor  density  4.461.  He  assigns  to  it  the  formula 
C,  H.. 

An  observation  of  Soubeiran  and  Captain  (ISIO)  is  of  great  interest, 
viz.:  tliat  the  hydrocarbon  regenerated  from  the  optiviillg  iiuietive 
"camphre  de  citron"  (dipentene  dihydrochloride)  is  likewise  opUculhi 
inactive  and  is  thus  distinguished  from  the  "essence  de  citron"" 
{+  limonene). 

Schweizer,'  however  (1B40),  still  regarded  the  dipentene  regenerated 
from  the  dihydrochloride  as  identical  with  the  ''carTene"  (+  limonene) 
from  which  the  dihydrochloride  bad  been  prepared. 

In  1848  List"  observed  that  when  the  " chlorwasserstolf  verbindnng 
des  Tvrpinii"  (dipentene  dihydrochloride)  is  distilled  with  cau.stic  lime, 
or  when  anhydrous  terpiii  is  distilled  repeatedly  with  anhydrous  phos- 
phoric acid  a  volatile  oil  of  the  composition  "  C, ,  H, ,''  is  formed. 

In  the  following  year  (1810)  Deville"  regenerated  the  hydrocarbon 
from  the  "camphre  de  citron"  (dipentene  dihydrochloride)  prcpare<l 
from  terpin  hydrate  and  declares  this  hydrocarbon  dipentene  to  be 
Identical  with  "Tessonce  do  citron"  {+  limonene).  This,  he  states,  "fur- 
nishes the  means  to  transform  the  essence  of  turpcatiue  into  the  essence 
of  lemon."  (Tliat  Deville,  who  made  considerable  use  of  the  polariscope 
in  his  investigations,  apparently  gives  no  heed  to  optical  properties  in 
this  case  is  rather  surprising.) 

In  18C0  Greville  Williamu"  in  his  researches  on  "Lsoprene  and  Caout- 
chine,"  confirms  Himly's  analysis.  He  states  further  that "  caoutchine" 
(dipentene)  docolori/os  four  equivalents  of  bromine;  that  by  the  alter- 
nating action  of  bromine  and  sodium  cymo!  is  obtained,  which  ui>on 
oxidation  yields  "insolinic  acid.''  Sulphuric  acid  converts  "caouteh- 
ine"  into  a  viscid  oil.  Small  quantities  of  an  iLCid  ''C,„H,  ,S,0,"  are 
also  formed  from  which  a  calcium  salt,  "C,,H,eCaSi,0,''  was  made. 
Williams  assumes  that  the  heat  effects  a  tearing  aasuuder  of  a  polymeric 
body  {caoutchouc),  and  that  the  substances  which  are  formed  stand  in  a 
sim|>le  relation  to  the  mother  substance. 
Tildeu  "  in  1882  repeated  some  of  the  experiments  of  Greville  Wll- 
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lUuDBandof  Boadiaidat  pertaining  to  the  deocmiimsitlon  of  t^^ 
high  temperatures.  In  an  artlole  ^*  (IBSi)  he  makes  the  following  very 
Important  daim:  '^Uiere  is  no  doubt  that  the  di-isoprene  of  Bouchar- 
dat  and  the  dipentene  whidh  I  have  just  desoiibed,  are  identical  with 
terpilene,  the  optically  inactive  hydrocarbon  into  which  the  terpenes 
and  citreaes  are  convertiUe.'* 

In  1886  Watts^  8howe4  dipentene  (called  by  him  ''dtrene,")  to  be 
present  in  the  oil  of  the  leaves  from  citrus  limetta.  He  states  that  it 
re66mbi;BS*'<dtrene'*  (+limonene}  vwy  much,  but  behaves  differently 
toward  polarized  light. 

Bouohardat  and  Lafont**  (1886)  studied  the  action  of  chromic  add  on 
lasvogyrate  pinene.  ▲mozig  other  products  th^y  obtained  a  hydrocar- 
bon Cio  Hic  which  boiled  between  174-178%  [ajo  »  —  56*  and  combined 
with  hydrodilorio  add  to  form  a  ''chlorhydrate  de  terpildne  ou  de 
dtrdne"  which  mdted  at  47*,  (dipentene  dihydrochloride).  It  is  quite 
evident  that  this  hydrocarbon  consisted  of  a  mixture  of  limonene  and 

dipentene.  The '^isoterpenes"  of  Flawitsky**  obtained  by  the  dehydra- 
tion of  the  so-called '^terpenhydrate"  (evidently  mixtures  of  the  opt.  in- 
active terpinene  with  the  opt  active  ones,)  are  no  doubt  similar  mixtures. 

Bouchardat  femd  Yoiry*^  (1888)  bring  nothing  new  when  they  state  that 
dipentene  dihydrodiloride  when  heated  with  alcoholic  potash  yidds  a 
**carbure  terpiltoique**  (impure  dipentene).  This  fact  simply  shows 
that  the  deplorable  custom  of  dishing  up  old  ftaicts  with  new  names  has 
not  entirely  C6ased*^  In  his  articles  '^Sur  Fessence  d'Eucalyptus 
globulus*^*  and  "Bur  Fessenoe  de  cajeput^^  Voiry  even  surpasses  his 
master  in  scientific  dishonesty. 

In  a  historical  study  of  dipentene  wormseed  oil  (Oleum  cinae)  must 
not  be  left  unconsidered.  It  constitutes  as  it  were  a  special  chapter  in 
the  history  of  this  hydrocarbon.  It  will,  therefore,  be  necessary  to  turn 
back  and  study  the  development  of  our  knowledge  concerning  dipen- 
tene ( "  cynene")  in  connection  with  this  oil. 

In  1841  Wohler*'  communicates  the  results  of  Volckel's  analysis  of  the 
oil.  He  states  that  '4t  does  not  appear  to  stand  in  any  simple  relation 
to  santonin"  but  consists  of  a  substance  ^^C^  H^g  O"  admixed  with 
small  quantities  of  another  oil"  In  1853  V61ckel*®  assigned  to  the  chief 
constituent  of  the  oil  boiling  at  174-175'  the  formula  "Cj,  Hjo  O.''  In 
the  following  year  in  an  article  "  Veber  das  Cynen  "  he  treats  of  a  hydro- 
carbon obtained  by  distilling  wormseed  oil  repeatedly  with  anhydrous 
phosphoric  acid.  After  successive  treatment  of  the  crude  product  with 
sulphuric  aci(f,  water  and  chloride  of  calcium  in  order  to  ^purify  "  ?  it, 
the  "cyn^n  "  distilled  completely  between  173-175''.  He  assigns  to  it  the 
formula  Cj,  Hg.  "Das  Cyn^n  ist  demnach  aus  dem  Wurmsamenol: 
Ci,  Hio  O  durch  das  Ausscheiden  vom  1  Aeq.  Wassertoff  and  1  Aeg, 
Sauertoff  als  Wasser  entstanden." 
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Hirzel''  (1851)  regards  the  rectified  "  01  Cioae  "  to  coDsittt  of  a  mixtare 
of  a  hydrocarbon  "Cinaeben"  "C,o  H,"  with  "Cinaeben  campher," 
"Cjo  H,  O."  The  latter  when  distilled  with  anhydrous  phosphoric  acid 
yields  among  other  prodnuta  "  Cinaeben." 

Kraut's  "  analysis  of  wonuseed  oil  (1862)  would  lead  him  to  the  form- 
ula "ChH.dO,,"  However,  his  vapor-deDsity  determinations  bring  him 
to  the  conclusion  that  the  oil  is  a  mixture  of  a  substance  "C,dH,bO,," 
with  little  of  a  hydrocarbon  "(probably  of  the  formula  C,oH,,)." 

Kraut  and  Wahlforss  •"  verify  Volckel's  statement  in  so  far  as  the  oil 
when  distilled  with  anhydrous  phosphoric  acid  yields  a  hydrocarbon. 
Their  analyses  and  vapor-density  determinations,  however,  lead  them  to 
the  formula  "Cio  H,,."    "  This  hydrocaTbon  ig  optically  inactive.'" 

Grael«  '  replaced  (1872)  phosphorus  pentoxido  by  phosphorus  penta 
sulphide.  He  obtained  a  hydrocarbon  which  he  supposed  to  be  "  cy- 
nen."  However  it  must  have  been  cymol,  since  it  yielded  terephthalic 
acid  upon  oxidation.  Graebe's  "cynen  sulfosaeure,  C,o  Hi,  (SO,  H)" 
when  fused  with  caustic  potassa  did  not  yield  a.  phenol  of  "cynen"  but 
of  cymol,  consequently  it  must  have  been  a  derivative  of  the  latter. 

Faust  and  Homeyer  "  prepared  "  Cjtnen"  according  to  Graebe's  method 
and  identified  it  as  cymol  by  means  of  paratoluic  acid  and  of  cymol  sul- 
phonate  of  barium.  They  believe  that  there  can  be  no  further  doubt  as 
to  the  identity  between  •*  cynen  "  and  cymol. 

Hell  and  Stflrcke"  (1884)  a^n  use  phosphorus  [ventoxide  as  dehydrat- 
ing agent  and  obtain  the  hydrocarbon  C,,  H,,.  Fuming  sulphuric  acid 
blackens  it  and  converts  only  a  part  of  it  into  the  sulpbonic  acid.  The 
barium  salt  is  stated  to  be  identical  with  the  barium  cymol-sulphonate 
obtained  by  Kraut  from  caraway  oil.  Hell  and  BtOrcke  arrive  at  the 
conclusion  tbat  by  the  action  of  phosphorus  peutoxide  Upon  worm- 
seod  oil  "  cjmen  "  and  not  cymol  results,  but  that  the  sulphuric  acid  by 
abstracting  two  hydrogen  atoms  oxidizes  the  former  into  the  latter  *'. 

Hell  and  Eitter"  (1884)  have  observed  that  when  hydrof^en  chloride  is 
passed  into  wormsced  oil,  ttiis  becomes  heated  and  0, ,,  H, ,  0.  H  CI  is  not 
formed  but  water  is  split  off  and  "cynendihydreciilorid"  C,o  H,,  CI 
(melting  point  50-51')  resuita  (dipenteue  di  hydro  chloride).  Prom  this 
"  cynen  "{dipentene)  can  be  obtained  by  distillation  wth  coustic  soda 
and  rectification  over  metallic  sodium.  These  reactions  are  to  be  ex- 
pressed by  the  following  equations. 

1.  CoH,,  O  +  HC1  =  C„  H,,  Cl(OH).    [a  chlorhydrin.] 

2.  C,„H,H  CI  (OH)  +  HC1  =  C,,H,,  01,  +  H,  O. 

3.  C,oH,,Cl,  =C,„H„  +2H  CI. 

About  the  same  time  with  Hell,  Wallach"  began  his  investigations 
of  the  terpenes.    In  part  they  meet  on  the  some  ground,  in  part  they 
supplement  each  other.    However,  where  Hell  feigned  analogies  to  exist 
21— A.  &L. 
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among  terpenee  or  their  derivatives  WaUaoh  removed  all  doabts  and 
thus  laid  a  foundation  for  a  systematic  investigation  of  the  terpenes. 

Wallaoh  showed  that  the  composition  of  the  hydrogenchloride  addi> 
tion  product  of  oineol  Cio  H^g  O,  the  chief  cohstitoent  of  wormseed  oil, 
is  expressed  by  the  formula  (Cio  His  O),  H  CL  When  heated  by  itself 
this  compound  splits  off  water  and  hydrochloric  acid  as  expressed  by 
the  following  equation: 

(Oio  His  O),  HGl  =  2  H»  O  +  H  01  +  2  C^o  H,,  whereby  oinene 
(dipentene)  is  formed.  Cineol  adds  two  bromineatoms  to  form  a 
bibromide  which  is  deliquescent.  Water  and  hydrobromic  acid  split  o£P 
and  a  tetrabromide  Cio  H^,  Br^  is  formed  which  melts  at  125.5^.  This 
tetrabromide  is  identical  with  the  one  obtained  by  the  addition  of 
bromine  to  the  hydrocarbon  cynene  (dipentene).  At  the  same  time 
Wallach  showed  that  cajeputol*^  is  identical  with  dneol,  alsocajeputene 
with  cynene.  The  limonene  odor  of  dnene  (dipentene)  lead  Wallach  to 
surmise  the  relations  existing  between  this  hydrocarbon  and  hesperidene 
(+ limonene).  The  preparation  of  limonene  tetrabromide**  melting  at 
101*  proved  these  suppositions  to  be  true. 

The  importance  of  these  tetrabromides  soon  became  apparent.  Already 
in  his  second  contribution  Wallaoh  showed  conclusively  by  means  of 
the  tetrabromide  reaction  that  dipentene  was  formed  in  a  large  number 
of  reactions.    Wallach,  at  that  time,  characterised  dipentene  as  follows: 

**  It  boils  at  180-182***.  The  odor  resembles  that  of  limonene.  It  com- 
bines with  bromine  to  form  a  tetrabromide  which  crystallizes  in  the  rhom- 
bic system  and  melts  at  125-126^,  also  with  two  molecules  of  hydrogen 
chloride,  without  being  changed  thereby,  to  dipentene  dihydrochloride 
which  melts  at  id".  At  high  temperatures  it  polymerizes  without  being 
previously  modified."  *^ 

Dipentene  is  classified  here  as  the  special  hydrocarbon  of  the  dipentene 
group,  whereas  the  closely  related  "  hesperiden  "  (+  limonene)  is  placed 
in  the  limonene  group.*^  The  reason  for  such  a  separation  is  quite 
apparent.  The  inactive  modifications  of  piueue  and  camphene  are 
not  essentially  diflferent  from  their  optically  active  modifications. 
Laevogyrate  limonene  was  not  yet  known  as  such.  It  was  only  with  the 
discovery  of  this  terpene  on  the  part  of  Wallach*'  that  the  true  relations 
existing  between  dipentene  and  the  optically  active  limonenes  could  be- 
come wholly  apparant.  Whereas  the  relations  existing  between  o-pinene 
and  ±  pinene  are  those  of  o-tartaric  and  to  ±  tartaric  acids,  the  re- 
lations existing  between  o-dipeutine  and  ±  limonene  are  explained 
by  those  existing  between  o-racemic  acid  and  the  optically  active  tar- 
taric acids. 

Dipentene,  therefore,  is  not  optically  inactive  limonene  in  the  same 
sense  in  which  o-pineno  and  o-camphene  are  the  optically  inactive  mod- 
ifications of  the  respective  groups.     That  dipentene  derivatives,  pre- 
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pared  synthetically  from  the  optically  active  modifications,  have  but  a 
simple  molecule  has  been  shown  by  Wallach  in  connection  with  opti- 
cally inactive  carvoxime. ''  On  account  of  the  peculiar  position  of  the 
optically  inactive  members  of  derivatives  from  the  limonene  group  he 
has  retained  the  designation  "dip^nleiie"  in  preference  to  (hlimoneiie^^ 
for  optically  inactive  limonene  derivatives  corresponding  to  those  of 
optically  inactive  tartaric  acid  may  yet  be  found. 

Propertlfs. 

The  hydrocarbons  of  the  limonene  group  are  colorless  liquid  terpenes 
of  an  agreeable  lemon-lilce  odor. '  Two  of  the  three  are  optically  active, 
being  oppo!iite  in  character.  The  physical  constants  of  the  limonenes 
have  been  determined  as  follows  :  * 

Boiling  point,  175—176*. '  • 

Spec,  gravity  at  20'  0346.  ' 

[a\^  =  105° '  reap.  + 106.8'' ' 

Coefficient  of  refraction  n^  1.47459.* 

Molelecnlar  refraction  '°'^**5.  45.23.  > 
(n'  +  -2)d 

Chemically  the  two  modifications  are  identical.  They  add  one  mole- 
cule of  hydrogen  chloride  without  losing  their  optical  activity.  When 
every  trace  of  moisture  is  avoided  they  will  not  add  more.^  In  the 
presence  of  moisture,  however,  they  add  two  molecules  of  hydrogen 
chloride  and  thereby  become  optically  inactive,  i.  e.,  are  converted  into 
a  dipentene  derivative,  dipentene  dihydrochloride.  The  dibromine  ad- 
dition products  appear  to  be  visdd  liquids  and  are  therefore  not  charac- 
teristic. When  hydrobromic  acid  is  split  off  cymol  results.'*  The 
tetrabromides,  however,  are  very  characteristic.'  Optically*  as  well  as 
crystalographically '  their  character  is  opposite.  The  Umoneties  add  also 
nitrosyl  chloride,  apparently  but  one  molecnle.    However,  two  addition 

products  of  j  %Jr  result,  an  a — and  a  ff —  uitroso-chloride.  With  bases 
both  yield  the  same  if — and  ^— -nitrolamines.  Like  limonene  the  mon- 
hydrochloride  is  still  capable  of  adding  the  groups  j  q    and     j  q  J>foi 

In  this  case,  however,  but  one  hydrochlor-nitroso  chloride  or  hydo- 
chlor-nitrosiLte  resp.  results.  The  molecule  of  hydrogonchloride  can 
also  be  added  after  the  addition  of  the  NO  CI  group,  viz.,  by  the  uitrol- 
amiocs.  Thune.  g.  thett-nitrolauilid  will  yield  an  n-hydrochlor  addition 
product,  the  /J-nitrol  anilid  a  iC-hydrochlor  acldition  product.  Of  these 
the  it-baso  is  identical  with  the  one  obtained  from  the  hydrochlor-nitroso- 
chloride.^  These  pcculiiirities,  which  have  thus  far  been  observed  in  con- 
nection with  limonene  group  only  indicate  a  different  behavior  of  the  two 
double  bonds  toward  regents. 
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The  behavior  of  the  limonenes  toward  water  is  similar  to  that  toward 
the  hydrohalogens.  After  the  addition  of  one  molecule  of  water  the 
hydration  product  still  appears  to  be  a  limonene-deriyative.* 

The  addition  of  a  second  molecule  of  water  makes  it  a  dipentene 
derivative.  Terpin  and  its  hydrate  are  both  optically  inactive  and  upon 
dehydration  yield  dipentene  but  no  limonene. 

The  transformation  of  limonene  to  dipentene  is  termed  inversion  and 
seems  to  be  brought  about  eadly  by  the  presence  of  acids.  Thus  e.  g.  a 
partial  inversion  takes  place  in  the  preparation  of  the  nitrosochlorides 
and  nitrosates,  and  especially  of  the  hydrochlor  nitrosochlorides  and  ni- 
trosates*^  Ldmonene  can  also  be  inverted  into  terpinene  whereby  di- 
pentene results  as  intermediate  product".  Indirect  inversion  into  ter- 
pinolene"  also  seems  to  take  place  under  favorable  conditions.  IS  the 
isoterpenee  of  Flawits&ky*  are  but  impure  limonenes  then  the  pinenes 
can  be  inverted  into  limonene  by  means  of  alcoholic  sulphuric  acid.  It 
thus  becomes  apparent  that  limonene  though  a  relatively  stable  terpene 
is  by  no  means  the  most  stable. 

Dipentene  closely  resembles  the  limonenes  in  most  of  its  properties 
Boiling  poing  178%  spec,  gravity  0.845  at  20%  Uc  =  1.47908.  It  is  readily 
distinguished  from  the  limonenes  by  being  optically  inactive.  Whether 
dipentene  is  physically  identical  with  optically  inactive  limonene,  re- 
sulting from  a  mixture  of  equal  parts  of  dextro-and  Isevogyrate-limo- 
limonene  has  not  yet  been  decided.  Chemically  they  are  identioaL 
Since  in  all  characteristic  cases  the  optically  inactive  limonene  deriva- 
tives have  been  shown  to  be  identical  with  the  corresponding  derivatives 
obtained  from  dipentene  the  term  dipentene  only  will  be  used  here- 
after. The  dihydrochloride  is  identical  with  the  one  resulting  from  the 
addition  of  two  molecules  of  hydrogen  chloride  to  the  limonenes.  The 
tetrabromide,  however,  is  distinguished  from  the  limonene  tetrabrom- 
ides  in  form,  melting  point  and  solubility.  What  has  been  mentioned 
of  the  limonenes  with  reference  to  nitrosylchloride  also  holds  true  for 
dipentene.  It  might  yet  be  stated  that  all  dipentene  derivatives  can 
also  be  obtained  by  mixing  solutions  of  equal  parts  of  the  corresponding 
detro-  and  laBvogyrate  limonene  derivatives.  It  is  to  be  supposed  that 
dipentene  like  limonene  will  zidd  water  to  form  terpin  hydrate,  but  this 
has  not  yet  been  demonstrated. 

Limonene  as  well  as  pinene  and  phellandrene  can  be  inverted  into 
dipentene,  which  in  turn  can  be  inverted  into  terpinene  only.  Dipentene 
is  therefore  one  of  the  most  stable  terpenes. 


The  Limonene  Group  of  Terpenes. 


OCCURRENCE. 

Dextrogyrate  Limonene: 
In  the  oil  of  Citms  Limonain^" 
"       anrantiaiu." 
"       medica." 
"        bigamdia  sieneiisis.'* 
"  "  inyrti  folia." 

"       Bei^amia.*° 
•  Carum  Carvi." 

Anethum  graveleus  (Dill  oil)." 
Erigeron  Canadense." 

Lcevogyrate  Limonene: 
In  the  oil  of  I^urus  oamphora  (camphor  oil),** 
PiDus  sylvestris.  j 
Pin  us  pioea 


V  ("  Fichtennadel  oel")." 


Dipentene: 

In  Camphor  oil." 

"  Cubeboil." 

"  Elemi  oil." 

"  Olebanum  oil." 

"  Swedish  turpenttae  oil  (modified  natural  prodnct)," 

"  Russian  turpentine  oil"  (modified  natural  prodnct). 

"  Oil  from  leaves  of  Citrus  Limetta," 

"  Oil  of  black  pepper." 

The  statements  that  Ol.  Cinae,  01.  cajeputi  and  OL  Eucalypti  contain 
dipentene  as  natural  prodnct,  are  without  proof." 

The  presence  of  limonene  can  readily  be  ascertained  in  the  fractions 
of  volatile  oils  boiling  about  175°  by  Tildeu's  uitrosylchloride  reaction 
as  modl&sd  by  Wallach."  If  the  yield  is  not  too  small  the  a-nitroso- 
chloride  can  be  recrystallizAd  from  ether  and  recognized  by  its  crystal- 
line form."  The  conversion  of  the  crude  nitrosochloride  into  oarvoxitne 
is  characteristic  but  not  easily  performed.  The  double  decomposition 
of  the  crude  nitrosocliloride  with  benzylamine  is  much  simpler."  Th« 
a-nitrol-beoKylamine  base  crystallizes  in  dull  needles  which  melt  at  93*. 
The  totrabromide  reaction  is  also  very  cliaracterietic  but  not  as  easily 
and  readily  performed  as  the  one  mentioned  last. 

Dipentene  is  found  in  fractions  boiling  from  175-180°  It  is  character- 
ized by  means  of  its  tetrabromide "  melting  at  124°,  by  means  of  its 
nitrosocbloride  and  the  benzylamine  ba.se  obtuned  therefrom."  The 
a-base  crystallizes  well  from  dilute  alcohol  in  colorless  transparent  crys- 
tals, melting  at  10!)-110°. 


2.  By  means  of  adds—  - 
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Methods  of  Formation. 

If  the  **  Itfoterpenes**  of  Flawiteky  *  are  impure  limonenes,  then  the 

latter  can  be  obtained  by  inversion  of  the  optically  active  pinenes 

through  the  optloally  active  terpineols  (terpene  hydrates  of  FLawitzky). 

Dipentene  being  more  stable  than  its  optically  active  modifications 

results  from  a  large  number  of  reactions: 

L    Polymerisation  of  Xsoprene,  a  hemiterpene.  ^ 
n.    Inversion  of  less  stable  terpenes,  viz.: 

L    By  means  of  heat :  direct  inversion  into  dipentene.  . 

a.  Hydrohologen  adds:    into  dipen- 
tene dihydrochloride,  etc. 

b.  Sulphuric  add :  apparent  direct  in- 
version. 

3.    By  means  of  water  in  presence  of  adds  (e.g.  nitric  acid)  con- 
version into  terpin  hydrate. 
According  to  these  methods  pinene,  ^'  limonene  ^  and  phellan- 
drene  ^  can  be  converted  into  dipentene. 
in.    Destructive  distillation  of  polymerized  terpenes :  e.  g.  E^utch- 
ouc  (Himly's  **  Kautschin  ^ 
IV.    Regeneration  of  dipentene  from  derivatives : 

1.  Removal  of  hydrohalogen  from  dipentene    dihydrochloride 

and  dihydrobromide  by  means  of  alcoholic  potash,^  sodium 

acetate  *^  or  anilin.^* 

2.  Dehydration  of  O-Terpineol  or  terpin,  resp.  terpinhydrate  *' 

Methods  of  Preparation. 

Dextrogyrate  Uitwnene  is  obtained  by  fractional  distillation.  Oil  of 
sweet  orange  consists  almost  entirely  of  +  limonene.  The  "  carvene  "  of 
commerce  and  Erigeron  oil  are  also  very  rich  in  +  limonene  and  relative- 
ly cheap. 

Levogyrate  limonene  is  thus  far  obtained  from  "Fichtennadel  51"  only. 

Dipentene  is  best  obtained  by  decomposition  of  its  dihydrochloride  or 
bromide  by  boiling  with  anilin.^'  The  use  of  sodium  acetate  and  glacial 
acetic  acid^*  cause  the  formation  of  byproducts.  It  Ls  rather  difficult  to 
remove  the  last  traces  of  halogen.' 

HYDROHALOGEN  ADDITION  PRODUCTS. 

Monohydrochloridea, 
History  : 

The  question  whether  a  limonene  monhydrochloride    analogous    to 

pinene-monhydrochloride  can  exist  has  long  remained  an  open  one. 

Considerable  speculation  has  been  indulged  in  concerning  the  liquid 

byproducts,  resulting  in  the  preparation  of  dipentene-dihydrochloride. 

Some  regarded  it  as  a  monhydrochloride,  others  as  an  isomeric  liquid 


The  Limonene  Group  of  Terpenes.  387 

dihjdrochloride.  Those  who  anpport&d  the  latter  view  termed  it  "cam- 
phre-liquide  de  citron  "in  opposition  to  the  "camphre  solide  de  citron" 
(crystalized  dipentene  dihydrochlorlde).  From  thi^  "camphre  liquids 
de  citron"  Soubeimu  and  Capit^n'  went  so  far  aa  to  prepare  the  hypo- 
thetical hydrocarbon  "  citryl^ne  ":  spec.  Rravity  0.8S,  boiling  point  168', 
vapor  density  5.08,  optically  inactive.  More  than  this,  they  created  a 
group  of  liquid  camphors,  in  distinction  to  the  solid  and  artificial  cam- 
phors. 

Characteristic  as  well  as  interesting  are  BerthelotV  views  (1882).  He 
had  succeeded  in  preparing  dipentene-dihydroohloride  from  pinene. 
From  thLs  he  concludes  that  the  difference  between  pinene  and  limonene 
(" essence  de  citron")  is  not  "essentielle."  Consequently  limonene  must 
yield  a  mono  hydrochloride,  analogous  to  artificial  camphor.  However 
"sa  preparation  est  dilHcile,  car  elle  parait  se  produire  settlement  en 
faible  proportion  et  d'liae  mani^re  acciitentelle." 

That  under  such  conditions  it  is  perfectly  impossible  to  interpret  all 
older  statements  in  the  light  of  present  knowledge  is  certainly  apparent. 
A  complete  catalogue  of  all  the  literature  that  has  reference  to  this  par- 
ticular subject  would  therefore  be  useless.  la  most  cases  it  may  be 
assumed  that  those  liquid  products  were  mixtures  of  mono-  and  diby- 
drochlorides. 

A  statement  by  S.  de  Luca'  (1887)  appears  to  be  more  rational.  When 
he  passed  dry  hydrogen  chloride  into  relatively  pure  limonene  from  the 
citrus  bigaradia  nowlul  comjioiinila  irould  reaiiJt.  Crystal lized  dipeatene- 
di hydrochloride,  however,  resulted  wbea  the  oil  was  shaken  with 
aqueous  hydrochloric  Eicid.  de  Luca,  however,  makes  no  statements  re- 
garding composition  and  character  of  this  liquid  chloride.  lUbans* 
statements  (1871)  are  more  important.  By  passing  dry  hydrogen  chloride 
into  limonene  a  liquid  monhydroohloride  resulted  which  could  be 
converted  into  orystalli^able  dihydroohlorlde  by  treatment  with  moist 
hydrogen  chloride.  Bouchardat'  (1875)  claims  to  have  obtained  a  liquid 
monhydroohloride  and  a  solid  dihydrochloride,  Maissen'  (1883)  also 
obtained  a  hydrohalogen  addition-product  which  was  not  saturated. 
Prom  these  statements  by  de  Luca,  Berthelot  and  Maissen  it  would 
seem  that  the  hydrogen  chloride  must  be  dry  to  yield  a  monhydro- 
chloride.  Others',  however,  who  according  to  their  statements  employed 
dry  hydrogen  chloride  obtained  dipentene -dihydrochloride  and  no 
monhydroohloride.  It  is  therefore  not  at  all  surprising  that  Wallacb' 
(18ST)  after  an  unsuccessful  attempt  to  prepare  a  monhydroohloride  de- 
nied the  existence  of  such  a  compound.  The  study  of  Maissens  com- 
pound (dipcntene-hydrochlor-nitrosate),  however,  again  brought  up  this 
que>.tioii. 

As  a  result  of  these  Investigations  it  became  apparent  that  a  monohy- 
drochloride  of  limonene  could  exist,  and  that  it  was  an  uinatiiraleil  com- 
pound.    The  uudorstanding  of  Rilmn's  and  Maissaa's  experiments  had 
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to  inake  the  latter  fsust  apparent^  but  Wallach  first  oaUedattenU  to  it. 
Fhysioal  as  well  as  chemical  characteristics  were  first  studied  hy  him. 
Wallaoh^s  monohydrb<^oride  was,  as  I  have  shown,  chiefiiy  dipentene- 
monhydroohloride.'^  The  optically  active  monhydrochlorides  were  first 
described  by  me." 

Fropertiea. 

Since  there  is  no  criterion  to  ascertain  the  purity  of  the  monhydro- 
chlorides the  following  data  found  for  the  tliree  physical  isomers  will 
have  to  be  accepted  at  present : " 

-^  Limonene-^monhydrochloride. 

^  A  colorless,  mobile  liquid  of  ftdnt  limonene  odor.  It  boils  at  97-98* 
under  pressure  of  11-12  mm.  Spea  gravity  0^3  at  17.8*;  [a]^  =  +  39.5*.»* 

— Limonene-monhydrochloride, 

'^This  corresponds  with  the  dextrogyrate  compound  in  all  but  its 
optical  properties.  The  rectified  product  boiled  at  d5-96°  under  a  pres- 
sure of  about  11-12  mm.;  spec.  grav.  0.982  at  16*;   [a]^  =  +  40.0"." 

Dipentene-monhydrochloride. 

It  was  prepared  by  mixing  equal  parts  of  the  above  dextrogyrate  and 
laevogyrate  compouiids.  "The  mixture  was  optically  inactive;  spec, 
gravity  0.982  at  10.5  ;  boiling  point  98**  under  pressure  of  12  mm."  Wal- 
lach '*  ascertained  the  physical  properties  of  a  (Hpentcne  compound  to 
be  as  follows:  Boiling  point  00"  under  pressure  of  11  mm.;  spec.  grav. 
0.98;  nc  =  1.4789,  molecular  refraction  49,8C,  calculated  for  an  unsatu- 
rated compound  C i  o H i  ^ CI   50,28. 

Chemically  the  monhydrochloride  behaves  like  an  unsaturated  com- 
pound. Under  the  conditions,  however,  which  are  most  favorable  to  its 
formation  it  will  not  add  a  second  molecule  of  hydrogen  chloride."  But 
in  the  presence  of  moisture  it  adds  another  molecule  and  the  limonene 
derivative  is  thereby  converted  into  a  dipentene  derivative.   It  also  adds 

(  H  "  (  NO  '**  (  NO  ^* 

/Br    ]  CI       ^^^  J  b  (NO  )      Chlorine  very  likely  also  can  be  added,  but 

this  apparently  substitutes  at  the  same  time.'*  Water  is  not  added  di- 
rectly. In  the  presence  of  water  the  chlorine  is  substituted  by  hydroxyl,^* 
and  the  aqueous  hydrochloric  acid  acts  upon  the  terpineol  to  form  ter- 
pin  hydrate." 

The  monhydrochlorides  polymerize  in  a  very  peculiar  manner.'®  Hy- 
drogen chloride  is  split  off  at  the  same  time  and  partial  inactivity  results 
when  the  underlying  hydrocarbon  was  optically  active. 
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The  hydrogen  chloride  is  not  easily  removed  and  traces  of  chloride 
are  apt  to  remEiin.  The  regenerated  hydrocarbon  ia  a  mixture  of  limo- 
nene  and  dipentene". 

Preparation. 

When  ilrif  hydrogen  chloride  b  passed  into  a  dry  solution  of  limonene 
or  dipentene  in  carbon  disulphide  the  monhydroohloride  alone  results. 
For  technical  details  compare  the  original,"  Dipentene  monhydro- 
chloride  can  also  be  prepared  by  splitting  off  a  molecule  of  hydrogen 
chloride  from  dipeatene  dihydroohlorido". 
Identijication. 

The  monhydrochlorides  can  easily  be  identified  by  moans  of  the 
hydrochlomitrolaminebases.  The  preparation  and  purification  of  the 
hydrochlomitrolbenzylaminebaae  is  easily  carried  out". 

Dipe  nlene-dihylrochloride. 
Synonynvt. 

Muriate  Citr6  —  Th,  de  Saussure,  1820. 

Camphre  de  Citron— J.  Dumas, '  1833, 

CitrSne  chlorhydrate  —  J.  Dumas, '  183.3. 

Pestes  salzaaures  Citronenoel  —  Blanchet  &  Sell,  *  1833. 

Salzsaures  Kautschin  —  Himly, '  1835. 

Hydrochlorate  de  Citrine  — Laurent, '  18.t7. 

Camphre  aolide  '  de  citron  —  Soubeiran  and  Capitain. '  1840. 

Chlorwaaserstoffsaures  Carven  -   Sehweizer, '  18iO. 

Chlorwassersfoff  Terpin  — List  "18i8. 

Bichlorhydrate  d'essenee  de  Ter^benthine  —  Berthelot,  "  1852. 

Diohlorhydrate  de  terpil^ne— Berthelot,  "  1861. 

Zweifach  chlorwasserstoffsaures  Torpilen— Oppenheim,  '*  18G1. 

Dibydrochloride  of  citrene  —  I'oshida,  "  1885. 

Csmen  dihydrochlorid  —  Hell  &  Ritter,  "  1884. 

Dipenten-DihydrochlorLydrat  — Wallach,  "  1884. 

Chlorhydrate  de  terpel^ne  —  Boucbardat  Jt  Lafont,  "  1886, 

Dipeoten-Dihydrochlorid  —  Wallaeh  "  1887, 

Biatonj: 

Dipentene  dibydrochloride  is  one  of  the  oldest  characteristic  terpene 
derivatives.  The  ao-cailed  artificial  camphor,  the  pinene  monhydro- 
chloride  alone  has  claim  to  priority."  In  an  article  "Surlacombinaison 
des  acides  avec  lea  substances  v6g6tales  et  animaies."  Thenard  in  1807 
mentions, a  crystalline  substance  which  resulted  upon  the  absorption  of 
hydrogen  chloride  by  lemon  oU.  There  can  scarcely  be  any  doubt  as  to 
the  identity  of  this  substance.  At  least  Blanchet  and  Sell*  mention 
Thenard  as  the  discoverer  of  the  compound  under  consideration.    The 
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fact  that  Thenard  recognized  that  the  hydrochloric  acid  was  added 
without  causing  a  decomposition  of  the  molecule  adds  to  the  interest  oi 
the  discovery. 

In  1820  Saussure '  prepared  dipentene  dihydrochloride  in  pure  form 
and  described  the  same.  He  caUs  attention  to  the  physical  difference^! 
between  this  "  muriate  citre '"  and  the  "  muriate  terebinthine."  From  it 
he  also  regenerated  the  hydrocorbon. 

J.  Dumas,'  in  1833,  accepts  the  formula  Cj  H^  -h  J^  H  %  Ch  for  the 
"  camphre  de  citron." 

In  the  same  year  Blanchet  and  Sell*  characterize  the  "salzsaure 
Citronenol"  as  follows:  "From  ether  it  crystallizes  in  laminae  with  a 
silver  lustre  and  of  tuberose-like  odor.  It  melts  at  43**  and  sublimates 
at  50**  without  decomposition,"  etc.  Percentage  of  chlorine  33.5  p.  c; 
formula  C5  H,  +  CI  H.  Thenard  has  tried  to  ascertain  the  composition 
of  the  compound  by  noting  the  quantity  of  hydrogen  chloride  absorbed 
by  the  oil.  Saussure  destroyed  the  substance  with  nitric  acid  and  pre- 
cipitated the  chlorine  as  silver  chloride.  He  obtained  27,6  p.  c.  chlorine. 
Blanchet  and  Sell  employed  the  lime  method.  These  chemists  also  sup- 
posed that  by  the  action  of  hydrogen  chloride  upon  lemon  oil  two  solid 
compounds  are  formed,  the  one  of  which  decomposes  into  hydrochloric 
acid  and  oil  when  recrystallized  from  warm  alcohol,  the  other  bein^ 
more  stable.  The  latter  is  termed  "  salzsaures  citronyl "  (the  substance 
under  consideration),  the  other  "  salzsaures  Citryl." 

Himley*'  (1835)  obtained  "Salzsaures  Kautschin"  by  passing  hydrogen 
chloride  into  "Kautschin  •'  (dipontene)  and  rogouerated  the  hydrocarbon 
by  distillatiou  with  lime  aud  rectification  over  potassium. 

Soubeiraii  anci  Captain'^  (1810)  nieutiou  the  readiness  with  which 
dipeutene  diliydrochloride  decomposes:  "II  suflit  meme  d*evaporer  une 
dissolution  alcoolique  de  ce  camphre  pour  (lu'il  soit  detruit  eu  partie," 
etc.  They  do  not  accept  Blanchet  aud  Sell's  view  regarding  the  mixture 
of  two  isomers.  They  recognize  the  fact  that  the  "camphre  de  citron  '" 
and  also  the  regenerated  "  citrene  "  are  optically  inactive. 

Schweizer'*  (1810)  assigns  to  his  *'chlorwasserstoffsaures  Carven,''  the 
formula  C|o  ^m  +  CU  H2.  He  regards  it  as  isomeric  with  the  solid 
compound  obtained  by  the  action  of  hydrogen  cliloride  ui)on  lemon  oil, 
copaiva  oil,  and  orange  oil,  with  which  it  corresponds  more  or  lesus  in 
some  of  its  properties. 

List  J"  (1818)  regards  the  chlorhydrate  "C,oHi,CL"  obtained  from  the 
terpin  as  itioinrric  with  the  one  obtained  by  Blanchet  an<i  Sell  and  by 
Dumas.  He  claims  cyrstallographic  differences,  also  differences  in 
melting  points  and  solubility. 

De\i lie's  observation  of  1840  is  of  some  interest :  "Les  hydrates  de 
terebenthine  donnent  avec  Tacide  chlorhydrique  de  Teau  et  du  cam- 
phre de  citron   doiit  on  peut  retirer  uue  huile  qui  par  ut   identique 
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avec  I'essence  de  citron  elle-mtoie,  oe  qui  foumit  le  moyea  de  transformer 
resscnce  dc  terebeutine  eu  essence  de  citron." 

Berttielot  "  obtained  (1853)  dipent«ne  dihydrochloride  directly  from 
turpeutiue  oil  by  shaking  the  latter  with  aqueous  hydrochloric  acid, 
or  by  passing  hydrogen  chloride  into  a  solution  of  turpentine  oil  in 
ether,  alcohol  or  glacial  acetic  acid. 

Trying  to  replace  the  three  molecalee  of  "  water  radicles"  in  terpin  hy- 
chlorine,  Oppenbeim  "  (1862)  always  obtained  the  dihydrochloride  of 
dipeatene. 

These  extracts  and  remarks  may  afford  sufficient  insight  into  the  older 
literature  of  the  dihydrochloride  of  dipenteue.  To  give  complete  liter- 
ary references  up  to  date  would  be  useless.  From  the  above  it  becomes 
obvious  that  with  a  better  knowledge  of  this  compound  some  light  was 
shed  over  the  relations  of  terpeoes  in  general.  It  must  also  be  obvioos, 
however,  that  for  many  it  was  a  stumbling  block  and  brought  about 
greater  confusion.  Some  chemists  indeed  recognized  the  identity  of  this 
compound  from  whatever  source  they  obtained  it,  others  denied  the 
same.  In  the  imaginations  of  some  there  were  as  many  di  hydrochlorides 
as  -there  were  terpenes,  and  these  were  limited  only  by  the  numl>er  of 
volatile  oils  containing  hydrocarbons  of  the  formula  C,g  H^, 

In  spite  of  Berthelot'&  ideas  Gladstone's"  (1364)  classifloation  of  the 
terpenes  gained  ground  more  and  more.  According  to  this  dipenteue 
dihydrochloride  was  regarded  as  the  characteristic  addition  product  of 
"citrene"  (+  limonene)  and  allied  terpoues,  whereas  artificial  camphor 
was  taken  as  characteristic  derivative  of  the  "terpenes"  (pjnene  and 
allied  terpenes.) 

In  the  following  twenty  years  little  was  added  to  a  better  understanding 
of  this  compound.  A  full  understanding  was  possible  only  after  thedis- 
covery  of  Isevogyrate  limonene,  (1888)  i,  e.,  after  the  completion  of  the 
limonene  group  and  synthesis  of  dipentene  derivatives. 

Properties. 

Dipenteue  dihyrochloride  crystallizes  in  pearly  luninse  which  melt 
at  50°."  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether,  readily 
soluble  in  chloroform,  from  which  solution  it  can  be  precipitated  with 
methyl  alcohol.  Its  presence  effects  a  decrease  of  the  melting-point  of 
other  substances." 

Chemically,  dipentene  dihydrochloride  behaves  like  a  saturated  com- 
po<ind,aDd  a-ta  terpene  derivative  it  is  relatively  stable .  By  splitting  off 
one  or  both  hydrogen  chloride  molecules  it  is  converted  back  into  un- 
saturated compounds.  Heated  by  itself,"  or  in  alcoholic  solution." 
it  decomposes  into  its  components,  dipentene  and  hydrogen  chloride. 
Caustic  pota<isa  aad  anilin  split  of  hydrogen  chloride,  but  the  last  traces 
of  (■hlortiie  are  very  difficult  to  remove.'"  Solution  of  permanganate  of 
potassium  attacks  it  readily." 
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Il^^  Methods  of  formation: 

'(   *  L    Addition  of  hydrogen  chloride:  « 

l'-     ,  1.    To  the  monhydrochlorides  of  the  limonene  group.** 

2    To  the  hydrocarfoons  of  this  groap." 

The  optically  aotii^  hydrooarbons  are  hereby  inactivated.  The  inc 
rect  formation  from  dneol**  is  to  be  classed  with  2,  since  the  hydrogi 
chloride  acts  first  as  a  dehydrating  agent  forming  "*  cinene*  (dipenteiK 

^*'  n. '  Esteriflcation  of  the  diatomic  alcohol  terpin  and  its  hydrate: 

1.  By  means  of  hydrochloric  acid.** 

2.  By  means  of  the  tri-  and  pentachloridee  of  phosphorus.** 

Ad  I  and  n.  The  formation  from  the  terpineols  "  no  doubt  consLsts  : 
an  esteriflcation  of  the  monatomic  alcohol  and  subsequent  addition  of 
second  molecule  of  hydrogen  chloride. 

nL    Inversion  and  addition: 

e.  g.    From  pinene,**  pheUandrene,^  and  probably  from  terpin 
lene.*® 

Preparation. 

Larger  quantities  of  dipentene  dihydrochloride  are  rationally  pt 
pared  by  passing  hydrogenchloride  over  (not  into)  a  solution  of  limonei 
in  one-half  its  volume  of  glacial  acetic  acid.  A  rise  in  temperature  < 
the  solution  must  be  avoided  to  prevent  the  formation  of  oily  product 
After  the  solution  has  congealed  to  a  crystalline  mass  it  is  poured  in1 
water  and  the  drained  chloride  is  purified  by  dissolving  it  in  alcohol  ac 
precipitating  with  water." 

Small  quantities  Ciin  be  readily  purified  by  dissolving  in  chlorofor; 
and  precipitating  the  solution  with  methyl  alcohol. 


f'  ■ 


Dipen  te  ne-D  ih  ydrobrom  ide. 

Dibromhydrate  de  terpiline,  Berthelot,"  1861. 
Zweifach  bromwasserstofifsaures  terpilen,  Oppenheim,'*  1864. 
Cynen-dihydrobromid,  HeU  and  Bitter,"  1884. 
Dipenten-dihydrobromid,  Wallach,"  1887. 

History. 

Dipentene-dihydrobromide  was  first  prepared  by  Berthelot  *^  from  te: 
pinhydrate  analogous  to  the  chloride.  In  the  following  year  (18G: 
Oppeuheim  ^*  prepared  it  from  terpinhydrate  with  tri-  and  penta  bromid 
of  phosphorus.  In  1884  Hell  and  Bitter**  prepared  it  from  cine< 
analogous  to  the  chloride.  Wallach  has  repeatedly  prepared  the  dih^ 
drobromide  from  dextrogyrate  limonene,  dipentene,  terpinhydrate,**  als 
from  terpinolene.** 
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JProperties. 

In  its  properties  the  bromide  resembles  the  chloride.  Melting  point 
64^    (Hell  &  Ritter"  42'.) 

llethoils  of  Formation. 

These  are  analogous  to  those  of  the  chloride.  Id  bow  far  thej  have 
been  carried  out  can  be  seen  from  the  historical  sketch. 

Preparation. 

Dipenteue  dihydrobromide  can  l>e  prepared  ia  few  minutes  when  to  a 
solution  of  limoneue  or  dipentene  an  excess  of  a  saturated  solution  of 
hydrobromic  acid  is  added.  The  mixture  must  be  left  cold,  and  when 
poured  iuto  water  the  dihydrobromide  is  precipitated  in  pure  condi- 
tion.". 


Dipentene  Dihr/drioilide. 

Zweifach  jodwasserstoflsaures  Terpllen— Oppeahoim."    1802. 
Cynen-Diliydrojodid  —  HeU  und  Eitter."    188i. 
Dipenten-Dihydrojodid  —  Wallach."    1887. 

Hittorg. 

Wiggers"  and  also  lAst"  did  not  succeed  in  preparing  a  hydriodide 
analogous  to  the  hydrochloride.  Oppenheim  was  the  first  to  succeed. 
He  obtained  it  by  treating  terpin  hydrate  with  phosphorus  iodide.  The 
product,  however,  cannot  have  been  piu^e  as  indicated  by  the  melting  point 
4S°.  Hell  &.  Bitter  "  (188i)  obtained  the  hydriodide  analogous  to  the  hydro- 
chloride and  hydromide  from  cineol.  Melting  point  76-77°.  At  the 
same  time  and  independently  Wallach  and  Brass"  obtained  the  same 
compoiuid  from  the  same  material.  Wallach  also  prepared  it  from 
terpin- hydrate  "  and  terpioeol"  with  the  aid  of  hydriodic  acid. 

Projyertieg. 

In  its  properties  the  dihydriodide  is  analogous  to  the  diltydrochloride 
aad  dihydrobromide,  but  it  is  less  stable.  However  with  its  purity  its 
stability  iucroases.  From  petroleum  ether  it  crystallizes  in  two  phys- 
ically iwmorphous  modifications":  rhombic  crystals  melting  at  77'  and 
monosymmetric  crystals  melting  at  78-79°. 

Methods  of  Formation : 

These  are  analogous  to  those  above  mentioned.  In  bow  far  they  have 
been  carried  out  can  readily  be  seen  from  the  historical  notes. 
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Preparntion  : 

1.  Analogous  to  that  of  the  hydrobromide. 

2.  From  terpin  hydrate:  to  f>  g.  terpln  hydrate  c'oiitaine<l  in  a  fla 
aboat  30  cbcm.  of  oonc.  hytWodiu  acid  (apec,  grav.  l.lMi)  are  added  and  t 
military  is  shaken  without  the  application  of  heat.  The  transformati' 
into  the  iodide  takes  place  quantitavely.  The  di-uned  prmiact  is  crj 
tsUized  from  potroleiimether  in  which  teri'io  hydrate  is  almost  iusi 
uble," 


THB  Hn>H*TE9  OF  THE   LIUOKi:? 


Tarjiin 


i  Terpin-hydrate. 


f  Blanchet  and  Sell,'  181% 


Pyrficaniphorinni'  —  Trail  tweln. 

Terx'e''tl'i''  sbIk'—  Bnchner,'  1820. 

TerpentiuOlcamphorld'  —  Tronun-sdorf,'  1828. 

Terpin'  —  Beraelius,'  List,'*'  1848. 

Trihydrate  d'essenco  de  t^relienthine'  —  Deville. 

Turpentine  camphori  (C"  C»"  0'|. 

Hydrate  of  oil  of  turpentine' 

•Terpenthincanipher  — Blanehet  and  Sc^,*  1833. 

■Wftchholderbeerendlhydrat  \ 

♦Terpenthin  hy  drat 

Terpen  th  in  c-ampher  ~  Wiggers,"  1B40. 

Terpentinolhydrat,'  1881. 

Hydrate  de  terebeuthine  J    »,_,,,    ,,.,,„ 

Bihydrate  d  essence  dc  terebenthine     \ 

Terpinhydrat  —  Wallach." 

HMorij. 

Disregarding  the  dehydration  products  the  chemical  literature  of  tei 
pin,  resp.  of  terpiii  hydrate  at  first  sight  appears  to  be  very  fiimple.  Ai 
cording  to  Gnieliu'  terpin  hydrate  was  observed  as  early  as  laiiT,  b 
Geoffroy;  Bnchner*  is  stated  to  have  regarded  it  as  a  salt  of  suocini 
acid  witli  a  volatile  base,  whereas  Dumaa  and  Peligot"  and  then  Wi^sn^ri 
considered  it  to  be  a  hydrat*  of  turpentine  oil.  It  ia  rather  strange  tha 
Blftuebet  and  Sell'  are  not  mentioneii  by  Gmelin  in  Uis  historical  n 
view.  The  some  views,  however,  have  been  expressed  before,  viz 
by  Blanchot  and  Sell,"  by  the  publishers  of  the  "Anualen  de 
Ohemie  und  Pharmacia,"  and  by  List.    They  are  the  same  we  find  in  ou 
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band -books  to-day.  A  critical  study,  however,  must  throw  doubt  upon 
at  least  some  of  their  statements,  Unfortunately  time  does  not 
permit  at  present  to  verify  these  doubts  by  experimental  evidence. 
Nevertheless,  the  same,  as  well  as  the  reasons  therefore,  shall  be  men- 
tioned. If  Blanchet  and  Sell's  contribution"  be  read  in  the  light  of  ovir 
present  knowledge  of  terpin  hydrate  severaJ  points  will  have  to  be  re- 
garded in  a  rather  doubtful  light.  The  same  is  true  of  the  historical 
sketch  given  by  the  editor::  of  the  "  Annalen,"  It  is  even  stranger  that 
List  coQld  make  the  remark  that  the  older  analytical  results  corres- 
pond, whereas  they  fall  very  distinctly  into  two  categories.  An  explana- 
tion for  their  views  is  probably  to  be  found  in  the  fact  that  at  an  early 
date  terpin  hydrate  was  converted  into  terpin  free  from  water  of  crystal- 
lization, and  that  pinol  hydrate,  a  substance  approaching  terpin  closely 
ia  empirical  composition  had  not  been  recognized  as  such.  To  make 
physical  differences  agree  or  to  regard  such  differing  statements  as  mis- 
prints may  be  admitted  a  single  time,  a  repetition  of  such  a  procedure, 
however,  must  create  suspicion.  An  attempt  to  bring  all  statements 
concomiug  the  so-called  "terpentine  oil  hydrate"  in  harmony  with  actual 
facts  would  leave  a  number  of  points  unexplained.  This  riddle,  however, 
may  be  solved  by  substituting  pinol  hydrate  in  place  of  terpin  (free 
from  water  of  crystallization)  whenever  necessary.  The  following  table 
may,  therefore;  serve  as  a  key  to  a  better  understanding  of  the  terpin- 
literature. 
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Properties. 

Terpin  hydrate  crystallises  in  large  transparent  prisms.^'  It  is  so 
ble  in  250  p.  of  water,  10  p.  alcohol,  100  p.  ether,  200  p.  chloroform;  in  3S 
of  boiling  water  and  2  p.  of  hot  alcohol;^*  it  is  insoluble  in  petrolec 
ether.  It  melts  at  116-117**,  sablimating  at  the  same  time.  When  heat 
in  a  flask  the  wat4r  of  crystallisation  is  first  given  off  with  which  a  p^ 
tion  of  the  substance  passes  over,  then  the  anhydrous  terpin  distills 
258* .  The  anhydrous  terpin  congeals  to  a  hard  crystalline  mass  whli 
melts  at  102-106'  .■• 

Terpin  and  its  hydrate  are  saturated  compounds  ^*  when  boiled  wit 

acids  or  other  dehydrating  agents  there  results  first  of  all  the  monatom 

unsaturated  alcohol  tepineol,  C^o  H,,.    Further  dehydration  yields  a 

.  cording  to  the  conditions  and  dehydrating  agent  employed,  three  hydn 

carbons  C^o  H|c  differing  essentially  in  their  properties:  terpinen 

*,  terpinolene  and  dipentene.*^     Cineol  also  results,  but  only  in  sma 

quantities**  When  treated  with  the  hydrohalogen  acids  dipentei 
dihydrochloride,**  dihydrobromide'^  and  dihydriodide'*  result  respci 
tively.  When  treated  with  the  chlorine,  bromineand  iodine  derivative 
of  phosphorous  the  same  dipentene  derivatives  result.**  Hydrofluor] 
adds  also  acts  upon  terpin  hydrate  but  the  resulting  products  have  nc 
been  studied*^ .  With  nitric  acid  it  appears  to  yield  an  ether  from  whio 
upon  saponification  the  alchol  can  be  regenerated  only  in  part"  Nitri 
acid**  also  oxidizes  terpin  hydrate;  permanganate  solution"*  even  mor 
readily. 

OccHrrence, 

In  some  text-books  it  has  been  stated  that  terpin  hydrate  has  bee 
found  in  the  oil  from  Acimum  basilicum,  L.,  and  in  Cardamom  oil.  Thi 
however,  is  not  at  all  to  be  considered  as  a  natural  occurrence.  To  ou 
knowledge  terpin  hydrate  does  not  occur  in  plant  organs. 

Determination, 

Characteristic  for  terpin  hydrate  are  its  crystalline  form  and  its  molt 
ing  point,  as  also  the  melting-point  of  the  anhydrous  terpin.  Chemically 
it  can  be  characterized  by  converting  it  into  any  one  of  the  dipentone 
hydrohalogen  derivatives.  Of  those  the  di-hydriodide  can  be  preparo< 
most  readily. 3* 

Methods  of  Formation, 
Hydration  of — 

I.  The  hydrocarbons  C^ o  Hj « : 

(a)  Limonene." 

(b)  Pinene  •^  (whereby  inversion  takes  place.) 

II.  The  alcohol  tcrpineol  **  C^o  Hjg  O.  As  an  indirect  formatioi 
that  from  llmonene  monhydrochloride  **  may  be  con 
sidered  under  terpineol. 
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Prepatuition." 

AccordiDg  to^empel,  who  compared  the  methods  of  Wiggors  and  Dc- 
TlUe,  8p.  of  tnrpontine  oil  are  mixed  with  2p.  nitric  acid  (spec,  gravity 
1.25— 1.3)  and  2p.  alcohol.  GThe  mixture  la  shaken  several  times  daily 
until  crystals  begin^to  form.  To  obtain  crystals  in  comparatively  short. 
time  shallow  dishes  can  be  employed.  The  drained  crystals  are  re-crys- 
tallized form  alcohol. 


Synoni/ma : 
Terpineol '  —  list  •  1848. 

Berthelot'  1852. 

Oppenheim  *  1861. 

Tilden'1878. 

Tan«t»  1885. 
Diterebenhydrat—  Oppenheim*  1861. 
Terpinhydrat — Flawitzky '  1879  and  1887. 
Monobydrate  de  Terebenthene— Tanret'  1885, 
Terpineol  —  Wallach '  1885. 

erp  eno  I  b^^qIj^j^j,.  ^jy^jj^.  1387 
Terpol        ) 

nUtorij : 

In  an  impure  form,  as  so-called  "terpinol,"  terpineol  has  ^ven  rise  to 
manifold  speonlations,  which  need  not  be  considered  here.  Both  Tilden* 
and  Flawitzky,'  according  to  opposite  methods,  obtaiaed  relatively 
pnre  terpineol,  but  it  was  Wallach  who  first  introduced  order  into  the 
chaos  of  older  speonlations.  By  means  of  a  systematic  study  of  the 
dehydration  products  of  terpin,  in  which  all  side  reactions  were  avoided 
as  much  as  possible  he  ascertained  that  terpineol  is  the  first  dehydration 
product  of  terpin,  and  that  by  farther  dehydration  It  is  converted,  ac- 
cording to  conditions,  and  reagents  into  one  or  more  of  three  hydro- 
carbons, viz.,  dipentene,  terpinene.terpinolene;  also  that  in  the  process 
of  dehydration  of  terpin  small  quantities  of  cineol  are  formed  as 
byproduct.  These  few  introductory  remarks  will  enable  us  to  interpret 
the  older  literature  upon  this  subject. 

In  1816  WiRgera  "  obtained  from  terpin  hydrate  by  heating  the  same 
with  hydriodio  acid  a  compound  to  which  he  assigns  the  formula 
C  *>  H  "  +  fl.  The  results  of  his  analyses  do  not  at  all  agree  well  with 
this  formula.  He  remarks  that  this  substance  might  be  regarded  as  the 
"Oxyd  von  einem  ans  dem  TerpentinSl  nenentstandenen  Radical  = 
C  "  H,"  wozu,  aber,  wie  es  scheint  dnrcbaos  kein  Onmd  Torhanden  iat."* 
S2-A.  &L. 
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In  184B  lirt*  sappoMs  to  hsve  obtained  the  aune  sobstuioe  Wlgpais 
bad  in  handa  by  boiling  terpin  with  aoidnlated  water  f one  drop  of  ceaMOm 
eolphorio  aold  aolBeed  to  deoompoee  lL5g  terpin).  The  nribntanna 
tanned  **Tarpinol"  by  liim  ia  atated  to  poaaeaa  a  hyBointh»llk»  odor,  e»- 
peeially  when  lai^Biy  dilniied  aad  to  boll  oonttotitty  at  180*.  Whrn  aafe- 
mated  with  hydrogen  eUoride  it  yielda  the  aame  ohlozide  aa  does  terpin 
hydxate.  (Dipentene  dihydroehloride.)  Thia  fact,  Uat  anppoeea,  aoii- 
porta  BeneUna*  view  (27,  Jahreebeiiohti  p.  4^)  th*t  t»plnol  la  the  oxide 
of  a  radical  0**H|'*'and  that  terpin  la  the  hydrate  of  terplnoL  ^lefol* 
lowing  fonnnlft  are  to  ezpreaa  "die  veraoliiedenen  BetiachtaansBw^aea 
der  Ckmatttotion  dieaer  Kdrper:** 

OtyataUlBed  Terpin:— 

C*H»0««CFBP«  +  efi=aC^ff'0  +  8ti[  +  2aq. 


r  Anhydrooa  Tarpin: — 

Tnpinol:— 

*  Chlorwaaaeratolf  Tarpin  ** : — 

C^H>»a*«iC*H"  +  2HC1«C»*H«' 01  +  H  CL 

However,  theae  views  do  not  satisfy  list,  f or  **  es  erheben  sichdagegen 
alle  die  Umst&de,  welohe  gegen  die  Annahme  sprechen,  das  der  Alchohol 

das  Hydrat  der  Aethers  und  dieser  das  basische  Oxyd  von  C*  H'  sey.'^ 

According  to  Oppenheim  *  (p.  155)  Borthelot  •  (1852)  is  stated  to  have 
obtained  ^  terpinol  '*  ^  biBi  der  Einwirkung  von  Kali  auf  die  zweifach 
clilorwasserstoffsaure  Verbindung  des  Terpilens."  He  accepts  the  form- 
ula «  C,o  H^e,  HO." 

Oppenheim  *  (1864)  claims  to  have  obtained  "  das  Terpinol  von  Wiggers 
und  List "  by  treating  "  zweif achbromwasserstoffsaures  Terpilen  "  with 

acetate  of  silver:  2CioHi8Br,  -f  4C,H,  AgO,  =4AgBr  +  cj  h^  8  (  ^  + 

2C,  H4O,  +C,oH,40.  This  "terpinol"  boiled  between  165-208*>. 
Oppenheim  acknowledges  that  ?ie  could  never  obtain  a  product  of  con- 
stant boiling  point;  also  that  Gerhardt  doubted  the  existence  of  such  a 
substance.  As  an  "Aether  des  Terpins"  Oppenheim  designates  a  sub- 
stance which  very  likely  was  impure  acetate  of  terpineoL    (p.  157.) 

By  boiling  terpinhydrate  with  water  acidulated  with  hydrochloric 
acid  Tilden '  (1878)  obtained  a  substance  C^o  H^q  O,  resp.  Cio  H^e-  H.  O 

to  which  he  assigns  the  double  formula  Cio  H^,  <0^  ^10  H^e.    He 

retains  for  it  the  term  terpinol  and  supposes  it  to  be  an  ether  or  anhy- 
dride of  terpin,  i.  e.  to  stand  in  the  same  relation  to  terpin  as  ether 
does  to  alcohoL    "  Almost  conclusive  evidence  of  this  is  supplied  by  the 
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action  of  hydrochloric  acid,  which  does  not  give  a  monochloride  as 
might  be  expected  if  terpinol  had  the  constitution  expressed  bf  C,*  Hj, 
(O  H)." 

In  the  following  rear,  however,  a  vapor  deneitj  determinatiOD  cotn- 
peb  'nidCD  to  accept  the  simple  formula  C ,  „  H , ,  O.  "  It  is  somewhat 
remarkable  that  this  chloride  (i.  e,  dipentene  dihydrochlonde]  thus 
formed  from  terpinol,  corresponds  in  constitution  not  with  that  sub- 
stance but  with  terpin. 

(CI  (OH 

C.oH,,^  C,,H..i 

(ca  (oh 

although  when  decomposed  by  alkalis  it  yields  terpinol  and  not  terpin." 
Taiiret*(lSB5)  states  that  the  formula  (C,g  H,,),  H,  O,  for  terpinol 
ought  to  be  rejected,  that  terpinol  proper  boila  between  215-220°  and  is 
a  monohydrato  of  terebenthene  (C,o  H,,'H,  0,;  also  that  the  product 
which  results  from  the  action  of  dilute  acids  upon  the  terpin,  or  of  alco- 
holic potassa  upon  "Terebenthen  dichlorhydrat"  are  but  mixtures  of  a 
hydrocarbon  Cto  ^m  ^ith  monohydrato. 

Since  we  shall  have  occasion  to  refer  repeatedly  to  Wallacb's'  (1885) 
researches  on  terpinool  it  may  suffice  here  to  mention  the  results  of  his 
dehydration  experiments,  which,  as  has  already  boen  mentioned  served 
as  a  key  to  a  better  understanding  of  this  part  of  the  limonene  literature. 
Hydrochloric  and  nitric  acids  were  not  employed  as  dehydrating  agents 
on  account  of  the  byprodnots  to  which  they  give  rise:  hydrochloric  acid 
to  chlorides,  nitric  acid  to  oxidation  products.  The  products  resulting 
upon  treatment  of  terpin  hydrate  with 

sulphuric  acid  (1 ;  2)  are  terpinene. 
terpinolene. 
terpineoL 
sulphuric  acid  (1 :7)  terpinene  (largely). 
phosphoric  acid  [spec.  gr.  1.12=;20p.  c]  (1:1):  terpineol  and 
terpinene  or 
dipentene. 
phosphoric  acid  [spec.gr.  1.12  =  20  p.  c]  (1:2):  terpineol  (exclusively), 
glacial  acetic  acid  terpineol  (essentially), 
potassium  bisulphate:  terpineol. 
dipentene. 

Terpineol  always  results  as  intermediate  product  and  upon  turt,her 
dehydration  is  converted  into  one  or  more  of  the  above  mentioned  tor- 
penes,  "llei  tier  Zerlngiiiig  ilea  Teriiiuhydrata  ihireh  SSiir^n  o<f.  dnrch 
vrasse rtntikhn iide Mittel  eiisteht  iinter keiner  Bedingung eineVerbindung 
von  tier  Zusuinmensefznng  C,^  H,,  Otind  dein  Siedepinikt  168'. 

Thus  far  the  terpineol  under  con.sideration,  whether  pure  or  impure 
as  "  terpinol,"  always  showed  itself  to  be  optically  inactive. 
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Bonobaidat  tad  LRfoiit"  raport  (1886)  on  a  seiiea  of  experiments  per- 
talnliig  to  tbe  aoUon  of  aoldB  on  the  terp^nee.  Tlie  aoUon  of  aoetie 
Rcdd  on  pineoe  forolsheB  amlxtore  of  acetates  which  can  besepmted 
\fy  nLeana  at  traoUonal  distlllatioa  under  diminished  preesore.  Tb» 
separated  acetates  yield  apon  treatment  with  oloohoUo  potassa  optloaUy- 
actlTe  terpineol  and  bomeol  respectively.  Whereas,  by  this  treatment 
plnens  could  be  oonTerted  into  terpineol  and  bomeol,  camphene  conid 
be  oonrerted  into  bomeol  only,  dipentene  into  optically  inactive  tar- 
plneol,  deztrosyrate  limon^ie"  into  dextrogyrate  terplneoL  "S^rova.  the 
o-4drpineol  they  obtained  crystals  at  a  very  low  temperature. 

With  the  introdnotlon  of  new  terms,  viz.:  "  terpUenol "  and  "  terpol " 
(or  terpineol,  and  of  "tarpal"  for  cineol  Bouchardat  and  Voiry*  (1887) 
have  rendered  poor  servioe  to  soleuoe.  Their  disregard  of  the  results 
BohleTed  by  others  certainly  Is  not  honorable. 

FlawltBky< 

termed  "  Terpenhydrate,''  by  treating  dextro — and  Itevogyrate  pinene 
with  aloobolio  salpburic  acid.  No  doubt,  the>te  terpenehyd  rates  as  well 
as'tbe  "  terpilenolee  "  of  Bonchardat  are  optically  active  terpineols  Inacti- 
vated more  or  less  by  the  presence  of  optically  inactive  terpineol. 
When  dehydrated  with  acetic  acid  anhydride  they  yielilod  optically  ac- 
tive hydrocarljons  C,oH,,  which  Flawitzky  termed  "Isoterpene"  and 
which,  to  judge  by  their  properties  were  more  or  less  impure  limoaenes. 

Propertieg. 

Terpineol  is  a  viscid"  liquid"  of  agreable  odor,"  lighter  than  and  in- 
soluble in  water,  readily  soluble  in  alcohol.  It  is  volatile  with  water 
vapors  and  boils  between  215-218'  ".  That  obtained  from  dipentene  and 
and  terpin  Ls  optically  inactive,"  that  obtained  from  optically  active 
pinene  and  limonene  is  optically  active." 

Terpineol  is  an  unsaturated  compound."  The  addition  of  water  con- 
verts it  into  terpin  and  its  hydrate."  The  removal  of  a  molecule  of  water 
dehyrates  it  according  to  reagents  and  conditions  to  dipentene,"  ter- 
pinene  or  terplnolene,''  but  never  to  pinene.  The  hydrohuloiogen  acida 
convert  terpineol  like  terpin  into  the  dihydrohalogen  addition  products 
of  dipentene  i.  e.  the  dihalogen  esters  of  the  diatomic  alcohol  but  not 
into  a  monohoiogen  ester  of  the  monatomic  alcohol  terpineol",  probably 
according  to  the  equation." 


v-io^i.)OH  +  Ha  =  C,<,H,,Cl,  +  H,  0. 
The  monobydrochlorides  of  the  limonenes,  no  doubt  are  to  be  regarded 
as  monoohlorine  esters  of  the  terpincols."    Apparently  the  acetic  ester 
can  be  prepared  from  the  alcohol.-'     When  saponinfled  with  alcoholic 
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potassa  tho9  estere  yield  the  corresponding  terplneols."-"  Preaamably 
nitric  and  sulphurio  acids  are  capable  of  forming  similar  compounds, 
wMcb,  however,  are  very  unstable.  The  presence  of  water  at  a  nomiBl 
temperature  suffices  to  sapoinfy  them.*'  Phosphoric  acid  converts  ter- 
pineol  into  the  isomeric  cineol."  With  carbaoil  terpineol  yields  a  crys- 
tallizable  phenyl-terpinyl-urethane,  which  sufflcientlf  demonstrates  the 
alcoholic  nature  of  the  same.**  Apparently  the  hydroxy  hydrogen  can 
be  replaced  by  sodium.^  Wbereaa  very  dilute  nitric  acid  causes  the 
formation  of  terpin  hydrate  more  concentrated  acid  oxidizes.  Potassium 
permanganate  also  readily  o-xidizss  terpineol." 


Metliodi  of  Formation. 
I    Hydration  of 
Pinene. 
Limonene  and  Dipentene. 

II    Dehydration  of 

Terpin,  resp.  terpin  hydrate. 

,    in    Saponification  of 

1.  The  acetates  of  the  terpineols. 

2.  The  dihalogeu  esters  of  terpin. 

Preparation. 

To  prepare  optioallj  inactive  terpineol  25  g.  of  terpin  hydrate  are  boiled 
withSOcbcm.  of  phosphoric  acid,  specific  gravity  1.12  [=20  per  oent.j 
for  10  or  lii  minutes,  or  50  g.  of  terpin  hydrate  are  boiled  in  a  flask  at- 
tached to  a  reflux  condenser  with  100  cbcm.  glacial  acetic  acid  for  Eve  or 
six  hours.  The  resulting  products  are  distilled  with  water  vapor.  The 
dried  oil  is  rectifled  and  the  fraction  boiling  between  215-218°  is  col- 
lected'. The  optically  active  terpineols  can  be  obtained  according  to 
Flawitzky'  by  hydration  of  the  pinenes  by  means  of  alcoholic  sulphuric 
acid,  or  according  to  Bouchardat  and  lAfout"&"  by  saponification  of  the 
acetic  esters  (obtained  from  the  optically  active  pinenes  or  limonenes) 
by  means  of  alcoholic  potassa. 

Occurrence  and  Identification. 

Thus  far  the  analysis  and  boiling  point  of  terpineol  and  the  conversion 
into  dipentene  dihydrochloride  have  served  as  factors  for  its  identifica- 
tion. Whether  these  data  are  sufficient  is  rather  questionable.  If  pos- 
eible  the  carbanil  reaction  should  be  employed.  If  the  latter  be  taken 
as  the  only  true  criterion  the  presence  of  terpineol  ia  natural  products 
has  not  yet  been  absolutely  proven.  However,  the  occurrence  of  ter- 
pineol in  a  number  of  volatile  oils  is  very  probable. 


ZTiatory: 

Aooording  to  Wallaoh*  Bungewss  the  first  to  prepare  a  oitrosT'l  ohl 
ide  derivatlTe  of  a  terpens.  Hideo,'  however,  ms  the  first  who  examln 
It  more  oarefnlly  and  described  It.  Thoa  he  obtained  from  the  class 
"  terpenee  "  (plcene)  an  optically  inactive  nltroso  chloride  which  melt 
at  103",  and  which,  bj  splitting  off  hydrogen  chloride  was  coDvertad  ic 
the  charaoteristio  nltroso  terpeae,  melting  at  129°.  From  the  c 
*'oitreaes"(Umonene)  he  obtained  an  iBomesio,  optically  active  nitro 
chloride,  which,  by  splitting  oB  hydrogen  chloride,  was  converted  intc 
nltroso  derivative  ("  nltroso  herperidene  ")  isomeric  with  "  nitroso  t* 
pene,"  and  whose  melting  point  was  70-71'.  These  reactions  benoefor 
dharaotarized  Gladstone's'  "terpenes"  and  " citrenes,"  and  the  ideati 
of  herperidene,  oarvene  and  citrene  could  no  longer  be  doubted.  T 
den's  method  of  preparing  the  nltroso  chloridoe  by  passing  nitros 
ohloride  Into  a  solution  of  terpene,  however,  was  very  defective.  Neithi 
did  TUden  surmise  that  his  "  herperidene  nitrosyl  chloride  "  was  a  mi 
tore. 

In  1885  Ooldschmldt '  showed  that  the  oKime  from  carvol  was  chei 
ically  idcnticnl  with  ■'  nltroso  herperidene  "  of  TiUion.  Soon  after  [186 
Wollach*  taught  how  to  prepare  the  nitroso  chlorides  in  largo  quuui 
ties  with  the  aid  of  hydrochloric  iicid  and  amyluitrite,  iiiso  the  preps 
ation  of  the  nitrolaraiuos.  Fully  as  important  was  the  iliscoverj"  tli 
the  nitroso  chlorides  were  mixtures  aud  thHt  they  could  be  sepantti 
into  the  it  and  fi  compounds  (1899).' 

Preiiiii\ilion. 

Wallach's  method  of  prepnratiou  i-s  as  follows:  ■'  To  "i  cbcm.  of  lim 
nene,  7  cbcm.  of  amyl  nitrite  (or  II  cticm.  of  ethyl  uitrite)  aud  12  cbci 
of  glacial  acetic  acid  are  added,  aud  tu  tills  solutiau,  kept  cold  id 
f  reoKiiu;  mixture,  a  solution  of  C  clwm.  of  crude  muriatic  acid  in  G  clict 
of  glacial  acetic  acid  is  carefully  added  iu  small  quaatities.  Finally 
cbcm.  of  alcohol  are  added."  The  great  solubility  of  the  <r —  aud  tl 
sparing  solubility  of  the  /I—  compouud  admit  of  an  easy  separation  i 
the  two  uitroso-chlorides. 


Physical  Properties. 
a-Xil  mgoch  lo  n'rffs. 

The  Umoocne  ii-nltroso-chloridcs  crystallize  in  tabular  crystals  i 
the  monuolinic  system'.  The  dipentenc  derivative  does  aot  cryHtalli: 
as  well '".  The  +  and  —  it-nitroso-chlorido  melt  at  103—101',  wberw 
tbedtpeutene  derivative  melts  at  TS"  ",  but  congeals  to  a  crystalline  ma: 
immeiiintely  after,  and  melts  a  second  time  at  103-101'.  The  limoner 
derivatives  are  soluble  in  about  au  equal  weight  of  chloroform  and  twi< 
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their  veight  of  ether.  These  solutiona  are  atrongly  optically  active 
[«]p  =4-313.-l'  reap.  —314,8° ".  The  dipenteoe  derivative  is  more  read- 
ily soluble,  and  is  optically  inactive. 

fi-flitroaochlorules. 

The  limonene  /S-nitrosochlorides  are  precipitated  from  their  chloroform 
solutions  with  methyl  alcohol  as  woolly  crystalline  needles."  By  care- 
fal  crystallization  from  chloroform  they  can  be  obtained  in  handsome 
prismatic  crystals."  The  /S-nitrosochlorides  are  much  less  soluble  than 
the  ^-derivatives.  Their  optical  activity  is  also  not  as  great:  {a\j^  -^ 
+  240.3°  resp. — 212.2°  "  The  melting  point  has  been  found  to  vary,  viz., 
100-106°  "  Dipentene  /9-nitrosochloride,  like  the  a-derlvative,  is  more 
soluble,  does  not  crystallize  as  well  as  its  optically  active  modifications 
and  melts  at  101°.  A  third  modification  which  melts  at  75-70°  has  been 
observed." 

Chemical  Properties, 

The  chemical  properties  of  the  a-  and  ^-nitrosochlorides  do  not  differ 
essentially  and  can,  therefore,  bo  considered  toKctber.  When  carefully 
heated  by  themselves  (Tilden '),  or  when  heated  with  alcoholic  potassa 
(Wallach")  hydrogea  chloride  is  split  off  and  carvoximes  result  (Comp. 
also  Goldschmidt ').  Thus  dextrogyrate  limonene-nitrosochloride  yields 
laevogyrate  carvoxime,  also  obtainable  from  laevogyrate  carvol;  whereas 
laovogyrate  limonene  nitrosocloride  yields  dextrogyrate  carvoxiine,  also 
obtainable  from  dextrogyrate  carvol."  From  dipentene  nitrosochlorido 
optically  inactive  carvoxime  results,  which  can  also  be  obtained  by 
mixing  solutions  of  equal  parts  of  the  optically  active  carvoximes.'* 

A  molecule  of  bydrogenchloride  can  be  added  to  form  nitrosocbloride' 
bydroohlorides,  but  these  differ  from  the  hydrochlor-nitrosocblorides.*' 
The  chlorine  of  the  j  qj  group  can  easily  be  replaced  by  basic  radicles 
whereby  nitrolamine  bases  result.  In  these  double  decompositions  a- 
and  ;tf-nitrosochloride  behave  alike." 

The  nitrosochlorides  are  unsaturated.  With  bromine  they  yield  an 
unstable  dibromide  (Tilden ').  Their  unsaturated  condition  is  also 
recognizable  from  the  hi/i1rochIor  nitrosochloride. 

Nitrogatea. 

Thus  far  dipentene -nitrosate  only  has  been  described.  There  appears 
to  be  some  difficulty  connected  with  the  preparation  of  the  limonene- 
nitrosates.'"  Dipcutene-nitrosate  crystallizes  in  lamince  which  melt  at 
84t  In  its  constitution  it  is  analogous  to  the  nitrosochloride;  by  split- 
ting off  nitric  acid  o-carvoxime  results;  by  double  decomposition  with 
bases  the  optically  inactive  nitrolamine  base  results;  apparently  It  odds 


844  WiBctmain  Academy  of  Seieneea,  Arts  and  Letttra. 

a  moleonle  of  bydrogetiohlorlde  (moleculsr  addiUon);  ib  muutnnitai] 
ooodlUon  becoiiWB  ^parent  from  the  bTdrooUor  nltrosate.  Thus  tax  a 
separaUoD  of  tWo  nitrosateB,  if  saoh  a  mixtare  results  at  all,  has  not 
been  effected. 

Nitrolaminei. 

The  doable  deoomporition  of  terpinene  nitrodte  with  basea  oq  the  part 
of  Wallaoh  iadauea  this  investlgatar  to  study  the  behavior  of  nitroso- 
ohlorldes  and  nitrosatea  toward  baaee.    Thereby  the  analogy  between  the 


nltrosoohloiidea 


No 


(No 


B    \0 


NO 


I  Cl,nitrOBiteB  \  O  (NO)  and  nltrOBates  }  O  (NO.)  ms 
eatabliahed.  The  applloation  of  this  reaotlon  proved  especially  tavorable 
In  the  limonene  group.  Even  before  the  nltrosochlorides  were  knoini 
to  be  a  mixture  the  aotrolauilids  were  recognized  aa  sooh.  Further- 
more^ it  was  aaoertained  that  the  separated  a  and  fl  oltrosoohlorides 
yielded  ^Boh  two,  viz,  an  d  and  a /9  nitrolamine  base,  and  that  tliese  a  uid 
fl  nitrcdamine  were  reapeotiTely  identioaL  The  reaotionB  may  be  ex- 
preeeed  in  the  following  manner: 


-  NitroBochloride 


/} — Nitrosochloride 


t-Nitrolpiperiiline^.  C.,  H„ 


N.C,  H,„ 


Limonene-a-aitTol  piperidine  crystallizes  from  alcohol  in  hand- 
some rtaom.bic  crystals  which  melt  at  93-94°,  In  petroleum  ether.  In 
ether  and  chloroform  it  is  readily  soluble,  less  so  in  alcohol.  Tbe  solu- 
tions turn  the  plane  of  polarized  light  in  tbe  [direction'of  the  underly- 
ing hydrocarbons:  [a]^  =4-67,  75"  resp.  —  67,  G0°.  The  hydrochlo- 
rides  turn  the  plane  of  polarization  in  the  opposite^direction. 

Tbe  dipentene  base  precipitates  upon  the  mixture  of  the  petroleum 
ether  solutions  of  the  optically  active  components.  From  alcohol  it 
crystallizes  in  monosymmetrio  crystals  which  ataud  In  no  relation  to 
the  well  formed  crystals  of  its  optically  active  modifications. 


I-  Nitrvljiiperidin 


"  Cro  Ht, 


(NO 


(N.C,  H„. 

The  Limonene  derivatives  melt  at  110-111°,  crystallize  monosymmet- 
rically,  and  ore  less  soluble,  especially  in  petroleum  ether,  than  the 
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-compounds.  The  solations  turn  the  phine  of  polarized  light  in  a 
direction  opposite  to  that  of  the  underlying  hydrooarboo: 

dextrogyrate-limonene-zJ-nitrolpiperidine  [a]  ^  =  —  60, 37". 

IsBTOgyrate  "       "       "  "  [a]^   =  +  60, 18". 

Their  hydrochlorides  are  almost  optically  inactive.  The  dipentene 
base  stands  in  similar  relation  to  its  components  as  does  the  n-base  to 
its.    It  melts  at  152°. 


The  limonene  a-nitrol  benzylamine  crystallizes  from  alcohol  in  hard 
needles  which  possess  no  sharply  defined  crystal  faces.  It  melts  at  93*. 
It  is  optically  strongly  active  turning  the  plane  of  polarized  light  in  the 
same  direction  with  the  underlying  hydrocarbon;  (13]^  =  +  163.8",  resp. 
—  1G3.6°.  The  salts  of  this  base  are  sparingly  soluble  in  water,  more  read- 
ily in  aloobol.  Their  rotatory  power  is  wlthont  exception  opponte  to 
that  of  the  free  base. 

dextrogyrate-limonone  (r-uitrol  benzylamine-cblorhydrate  [a]^  <= 

—  82.2e*. 

leevogyrate-limonone  a-nitrol  ben^lamide-chlorbydrate  [ix\^  = 

+  83.06*. 

dextrogyrate-limoDeae  a-nitrol  benzylamine-nitrate  [a}^  =  —  81.5'. 

lEeTogyrat«-limonene  a-nltrol  beozylamlne-nitrate  [a]^  =  +  81.0°. 

dextrogyrate-limonene  a-nitrol  benzylamlne-d-tartrate  [a]^  =  — 49.98°, 

Isevogyrate-limonene   a-nitrol  benzylamlne-d-tartrate  [a]^  s=  +  69.6°. 

dextrogyrate-limoneae  a-nitrol  benzylamine-1 -tartrate  [a]    =:  —  69.9*. 

lEevogyrate- limonene  a-nitrol   benzylamine-I-tartrate  [aV   =  +  51.0*. 

The  /S-Nitrol  benzylaminei  have  not  yet  been  obtained  in  a  pure  con- 
dition. 

(NO 
n-Mtrol  anilida"  C,„  H„  < 

(NHC.  H, 

The  limonene  derivatives  crystallize,  when  pure,  from  dilute  alcohol  in 
hard,  colorless,  tabular  crystals  which  melt  at  112-113°.  Their  action  upon 
polarized  light  corresponds  to  that  of  the  underlying  hydrocarbons, 
viz.:  [rt]  ^  -|-  102.25'  resp. — 102.62°.  The  hydrochlorides  are  sparingly 
soluble  in  water,  more  readily  in  alcohol.  Their  eolations  deviate  the 
ray  of  [tolarized  light  but  little,  however,  in  the  same  direction  as  do  the 
free  bases. 


white  blunt  iioe<Iles  and  melt  at  1^'.  Tbeir  siilutioiis  deviate  the  ray 
of  polarized  Ugbt  tii  thn  directioa  as  do  the  uudt^rlyii;^  buBee,  but  tb« 
action  is  lessoned,  viz.:  [kJ^  =  +  *l!.20' resp.  — *7£2' 

Dipentene-a-nilrotanilid  oiyGtoUizos  from  a  mbcture  of  aloohoUc  sohi- 
tione  of  oqufU  parts  of  the  limoDeuo  derivatives  and  melts  at  125-126*. 

The  dipeiitent'  mtrt,»o~eoTniiotind"  is  obtained  in  the  same  way  from  its 
oomponeuts.  It  is  less  soluble  than  the  latter,  crystallizes  better,  L  e., 
in  triangular  tablets  and  melts  at  HV. 

The.VffroInni7i'/3,likethenitroso-(;hloridos,&reunsaturftt«dcoQipoaads 
and  can  tiLke  ap  a  molecule  of  hydrogen  chloride.    The  a-hydrochlor 

(NO 
additionproducts,C.|,H.,Cli  are  identical    with    tho    hvdro- 

/NH.r,H, 

ohlor  uitrol  anilide  to  be  described  later.  ^^| 

(NO  ^ 

/■I.Nilmla„iliil»"  C,„  H,,  i 

(NH.  C.  H., 

The  Umonene  /S-nitrolaaJllds  are  somewhat  fllty  needles,  which  ore 
almost  insotnblo  in  water  and  petroleum  other,  readily  soluble  in  hot 
benzol,  but  difficultly  In  cold  ben/ol  and  in  ether,  more  readily  solable 
in  alcohol  and  chlnrororm.  WherPHs  the  solutions  of  the  ff-conipouuds 
are  not. precipitated.  Tho  latter  thus  appear  to  be  stronger  bases.  Melt- 
ing-point 152'.  Optically  they  act  in  a  direction  opposite  to  that  of  the 
underlying  hydrocarbons  and  thus  differ  from  the  /S-derivativee. 

dextrogyrate-limoDeue  /?-nitrolanilid  [«]jj  =—89.39'. 

Itevagyrate-limonene  yS-nitrolanilid  [«]    =-1- 87.17'. 

Their  nitroso-derivatives^*,  however,  which  melt  at  136'  again  turn  the 
plane  of  polarized  light  corresponding  in  direction  to  that  of  the  under- 
lying hydrocarbon.  Their  specific  rotatory  power  is  by  (about)  10* 
BtroHger  than  that  of  the  corresponding  a  derivatives: 

dextrogyrate-^-nitrol-nitroso-anllid  [a]^^  =  +  57,67° 
laevogyrate-yS-nitrol-nitroso-anilid  [aj^^  =  ~  57,75° 

Dipentene  /3  nitrol  nitroao  anilid,  obtained  from  its  optically  actiTe 
oomponents,  does  not  crystallize  well  and  melts  at  129°  . 

The  fi-hydrocMor  addition  producU^  differ  from  the  ^-compounds  and 
have  thus  far  not  been  obtained  from  the  hydrochlor-nitrosochloridaa. 
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The  limonene  derivatives  cirstaUize  frDm  alcohol  in  beaatiful,  hexagonal 
tablets  and  melt  at  73° .  They  are  not  at  all  etronglj  optically  active, 
but  turn  the  plane  in  a  direction  corresponding  to  that  of  the  underly- 
ing hydrocarbons,  [a]^  =  +  12.91°  reap.  —  12.B1° .  The  hydroohlor  ad- 
dition product  of  DijieHtene-ft-nitrol-anilid  crystallizes  from  its  alcoholic 
solution  in  four  sided  prisms  and  melts  at  90°  . 


H'fdrMhlor,  Nttrosochloridea,  Nitrosatea  and  Nitrolamines. 

Through  the  action  of  hydrochloric  acid,  amyl  nitrite  and  nitric  acid 
upon  "carvene"Mai9sen  obtained  a"compoundC,o  H,,  J  wq  n"which 
Wallach  recognized  as  hydrochlomitrosate,  C,,  Hi,Cl.  NO  (O.  NO,), 
Later  it  was  showu  that  this  compound  was  a  dipentene  and  not  a  lim- 
oueno  ("carvene")  derivative.  The  corresponding  hydrochlor-nitroso- 
chloride  was  first  prepared  by  Wallach.  The  optically  active  modifica- 
tions were  prepared  by  me  in  Prof.  Wallach's  laboratory. 

The  hydrochlor-nitrosoclilorides,  etc.,  are  saturated  compounds.  They 
cau  be  regarded  as  nitrosochlorides,  nitrosatea  aud  nitrolamines  of  the 
monhydruchlo rides  of  the  limonene  hydrocarbons.  Thus  far  all  of  the 
saturated  nitrosochlorides,  etc.,  prepared  from  jHOnhijdrochlor  limonene, 
have  been  obtained  in  but  one  modification,  which  corresponds  to  the 
a-modification  of  the  unsaturated  derivatives  free  from  chlorine. 

(  NO 

Hydrocldor  nitrosochlorides'  C,,.  H,,  CI  4 

(  CI 

The  limooene  derivatives  crystallize  poorly,  melt  at  92-93°  without  de- 
composition, [a]  for  the  dextrogyrate  compound^  +173.71°.  Theorude 
product  is  largely  contaminated  by  the  dipentene  modification.  The 
latter  apparently  posseaes  a  higher  melting  point,  viz,  109",  Idlie  the 
unsaturated  nitrosochlorides  they  split  oS  bydrocliloric  acid,  however, 
to  form  hydrochlorcarvoximes. 

{  NO 

Hu'lrochlor-nitrotates"  C  ,,  H  ,,  CI  ■} 

(  0{N0,) 

The  limonene  derivatives  can  be  obtained  in  handsome  pearly  prisms. 
They  melt  at  108°  decomposing  at  the  same  time.  [a\  for  the  dextro- 
gyrate compound  =  -HC1.3i°.  The  dipentene  bydrochlor-nitosrate  also 
melts  at  108-109°  and  is  readily  distinguished  by  its  optical  activity. 
From  it  amolecnleof  nitric  acid  can  be  split  of  with  the  aid  of  dimethyl- 
aniliu"  anologous  to  the  hydrochlor  carvoxime  reaction.    The  resulting 


-r.^^pi 


348  Wisconsin  Academy  of  Sciences^  Arts  and  Letters. 

product  crystallizes  from  an  ethyl-alcoholic  solution  with  a  molecule  of 
Ca  Hg  O  H,  from  a  methyl-aloholic  solution  wit  a  molecule  of  C  Hg 

OH. 

(NO 
Hydrochlor-nitrolbenzylaminej^  C^o  H^,  Cl-j 

( NH.  CH,  C,  H, 

The  Ztmonen€-deriyatives  were  obtained  in  white  fllty  needles,  which 
melt  at  103-104.®  They  turn  the  plane  of  polarized  light  as  do  the 
underlying  hydrocarbons:    [a]^  ^  4- 149.6®  resp.  — 147.4.® 

The  chlorhydrates  crystallize  from  alcohol  in  small  needles  which 
melt  and  decompose  at  163-164.  ®  The  action  upon  polarized  light  cor- 
responds to  that  of  the  free  bases  though  weakened:  [a]  ==  4-  46.97® 
resp.  —  50.9.® 

The  dipentene-hydrochlor'nitrol'benzylamine  crstallizes  better  than 
its  optically  active  components,  melts  at  150®  and  is  but  difficultly  solu- 
ble. Its  hydrochlorate,  however,  is  more  soluble  than  its  componentSy 
but  possesses  the  same  melting  point. 

(XO 

(  NH.  C.  H, 

The  llmonene-derivatives  crystallize  from  ether  in  handsome  colorless 
flat  prisms.    Melting  point  117-118®   [c^^  =   +126.95,®  resp.  — 122.34.® 

Dtpew/eue-hydrochlor-nitrolanilid,  prepared  synthetically  is  colorless  and 
melts  at  140-141.®  When  hydrogen-chloride  is  split  off  ex-  and  /?-  nitrol 
anilids  apparently  result.^® 


S 
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used  P,  O,  in  dehydrating  olneol,  so  Hell  &  StOrcke  overlook  the 
fact  that  Faust  &  Homeyer  employed  P,  3,.  Wallach  has  shown 
that  phosphorus  pentasulphide  easily  oonverts  oynene  (dipeutene) 
into  cymol, 

"Berichte,  Bd,  17,  p,  1975.    (" Elngelaufen  am  14,  Aug.  1884.") 

■*  Annalen,  Bd.  225,  p.  291.    ("Eingelanfen  am  10,  Ang,  1884.") 

"Ibidem,  p,  314  and  "  p.  317, 

"Ibidem,  Bd.  227,  p,  277, 

■*  Compare  Annalon,  Bd.  245,  p.  197. 

"Ibidem,  Bd.  246,  p.  221. 

*'  Ibidem,  p.  228. 

*'  Ibidem,  p,  230. 
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Propertiea,  etc. 

'  Annalen.  Bd.  227,  p.  291  and  301. 

•  Ibidem,  Bd.  252.  p.  144. 
■  Ibidem,  Bd.  210,  p.  222. 
•Dissertation,  p.  38. 

'  Compare  also  F.  Scheldt, "  Ein  Beitrag  zup  Kenntnisa  der  Terpene 
Bonn,  1890. 

*  Annalen,  Bd.  252,  p.  145. 
'  Ibidem,  Bd.  246,  p.  224. 
'Dissertation,  p.  0. 

'  Berichte,  Bd.  12,  p.  2357  and 
Ibidem,  Bd.  20,  p.  1956. 

'"  Dissertation,  p.  51.' 

"  Dipenteae  is  always  found  as  an  impnrttj  in  artificial  terpinene 
Annalen,  Bd.  230,  p.  261,  and 

Ibidem,  Bd.  239,  p.  38. 

"  Annalen,  Bd.  230,  pp.  247  and  262,  and 
Ididem,  Bd.  239,  pp.  2, 23  and  51. 

"Oppenbeim;  Berichte,  Bd.  G,  p.  915,  and 
Ibidem,  Bd.  7,  p.  627. 
Wright:  J.  C.  a,  vol.  21,  p.  686. 

"Only  such  data  were  considered  that  were  deemed  sa£Qcient  proof 
L  e.  those  in  which  optical  properties  are  included. 

"  1840  —  Soubeiran   &  Capitain,  J,  d.  Pharm.,  T.  26,  p.  1.    1885— Wal- 
lach,  Annalen,  Bd.  227,  p.  290. 

>' 1840  — Soubeiran  &    Capitain".     1877— TUden,  J.  C.  S.,  Vol.  I.,  p. 
554.    1884  —  Wallach  —  Annalen,  Bd.  2ffi,  p.  318. 

"18,">4  —  M.  Berthelot,  Add.  Chim.  Phys.  T.  40,  p.  — . 

'*  1857  —  S.  de  Luca,  Compt.  rend.,  T.  45,  p.  904. 

« 1885 —Wallach,  Annalen,  Bd.  227,  p.  290. 

"  Ibidem,  p.  291. 

"  Ibidem,  p.  292. 

"Ibidem,  p.  292. 

5'  1385  —  Yoahida,  J.  C.  a,  Vol.  47,  p.  787. 

"  1883— Wallach,  Annalen,  Bd.  246,  p.  231. 

"  Annalen,  Bd.  252,  p.  109. 

■'  DHdoni,  p.  111. 

=*  Ibidem,  pp.  121  and  136. 

"  Ibidem,  Bd.  227,  p.  206, 

"  Ibidem,  Bd.  2.33,  p.  30. 

"  Ibidem,  Bd.  252,  p.  102. 

"Ibidem,  p.  101. 

"  Ibidem,  Bd.  230,  p.  224  and  Bd.  239,  p.  26. 

'•  Ibidem,  p.  246. 
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Eberhardt,  Arch.  d.  Phann.,  Bd.  225,  p.  515. 

•'Wallach  speaks  of  "aus  Wurmsameiiol  orhaltlichem  cynen,'' 
he  obtained  this  "  cynen  "  with  the  aid  of  chemical  reagents,  by  n: 
of  which  cineol  is  converted  into  dipentene.  The  hydrocarbon  occi 
in  these  oils  no  doubt  is  dipentene,  but  the  experimental  proof  is  \ 
ing.  Comp.  e.  g.  E.  Jahns,  "Ueber  das  Eucalyptol."  Archiv  d.  Phi 
Bd.  223,  p.  52. 

*®  Method  of  preparation,  Annalen,  Bd.  239,  p.  3. 

•»  Rndem,  Bd.  252,  pj).  127  and  130. 

*^  Ibidem,  Bd.  227,  p.  295.,  Comp.  Diisoprene  of  Bouchardat. 

'1  »  Comp.  Wallat^h:  "  Am.  Terpentinol.,  Fichtennadcl<31,  Wachho] 
beerenol,  Macis61,  SalbeiOl,  Citronenol."    Aimalcn,  Bd.  227,  p.  277  et 

•  (a.)  That  under  certain  conditions  pinene  will  not  form  artif 
camphor  but  dipentene  dihydrochloride  was  first  shown  by  Bertt 
(1852.)    Comp.  historical  sketch.    Also  Wallach,  Annalen,  Bd.  227,  p. 

\h.\  The  inversion  of  pinene  into  dipentene  by  means  of  sulph 
acid  was  studied  by  Armstrong  and  Tilden;  Berichte,  Bd.  12,  p.  ] 
Wallach,  Annalen,  Bd.  227,  p.  283. 

2  Compare  Terpinhydrate. 

*'^  '  C?omp.  Wallach:  **  Pomeranzenschalenol,  Fichtennadelol,  Anna 
Bd.  227,  p.  277. 

-  Comp.  historical  shetcli,  also  Dissertation,  p.  38. 

'Comp.  Disertation  p.  46'.  Hydrochloric  acid  acts  like  nitric  a 
Annalen.  VA.  230,  p.  20«),  Div^scrtation  p.  45. 

^■■AnnaloTi.  Bd  2.' ID,  p.  11. 

■'\\Tin:il(Mi.  Bd.  230,  p.  4. 

''^\llTlnl(•ll,  Bd.  245.  p.  100. 

''  Aiinalon,  Bd.  23<'),  p.  247  et.  soq. 


.1'/.  Mo}i]if/t7roch1ori(h>!i. 

'  Joiirn.  do  Pliarm.,  T.  20.  p.  1. 

*  Ann.  CMiim.  Phys.,  |31  T.  37. 
''  Conipi.  rend.  T.  15,  p.  1>01. 

^Ibidoni,  T.  70,  pp.  2'33  and  315.    (J.  C.  S.  Vol.  32,  p.  11(;2.) 
"  Il)idom,  T.  SO,  p.  1 140.    (J.  C.  S.  Vol.  ,33,  p.  12.59.) 

*  Gazetta  Chimi(»a,  T.  13,  p.  00.    (Borichto,  Bd.  10,  p.  1241. 
■'Compare  o.  jr.: 

Himly  (1S.35)  Annalen,  Bd.  29,  p.  40. 

Schwoizor,  (ISIO)  J.  pr.  Chem.,  Bd.  24,  p.  257. 
•Annalen,  Bd.230,  p.  10. 
•Bndem,  Bd.  241,p.  .321. 
Ibidem.  iJd.  245,  pp.  241  et.  seq.  (p.  248,  also  pp.  258-200.) 
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"  Dimertattos,  p.  56. 

"  Ibidem,  p.  40. 

"Annalen,  Bd.  245,  p.  249. 

"  Ibidem,  Bd.  245,  p.  259. 

"  Ibidem,  p.  260;  Dissertation  p.  46. 

"  Ibidem,  p.  — ;  ibidem  p.  49. 

"  Dissertation,  p.  45. 

"  Annaleti,  Bd.  230,  p.  265. 

"Ibidem  Bd.  245,  p.  259;  Dissertation,  p.  4L 

It  is  of  ioterest  to  note  that  tbe  addition  of  one  molecnle  of  liydro- 
gen  chloride  renders  limoaeue  more  apt  to  polymerize.  Disregarding 
the  CTTStalliiie  camphene  (no  doubt  also  fenchene)  the  terpenee  with 
one  doable  bond  apparently  polymerize  more  readily  than  those  with 

"  Dissertation,  p.  43. 
"  Ibidem,  p.  39. 
"  Annalen,  Bd.  245,  p.  250. 
'-  Dissertation,  p.  51,  etc. 


ad  Dihydrohalogen  addition  produelt. 

'  Ann.  Chim.  Phys.,  T.  13,  p.  259. 
'Ibidem,  T.  52. 

■Dumas  proposes  the  endlnft  toe  (or  the  hydrocarbons  from  volatile 
oils  to  avoid  confusion  with  the  alkaloida 

*  Annalen,  Bd.  6,  p.  259. 
'  Ibidem,  Bd.  27,  p.  40. 

'  Ann.  Chim.  Phys.  T.  66,  p.  196. 
'Comp.  Monobydrochlorides — note*. 
'J.  de  Pharm.  T.  26,  p.  1. 

•  J.  pr.  Chem.,  Bd.  21,  p.  257. 
"  Annalen,  Bd.  67,  p.  362. 

"  Ann.  Chim.  fhys.  [3]  T.  37. 

"Ibidem[3]T.  Gl,  p.  463. 

"  According  to  the  nomenclature  proposed  by  Berthelot  in  his  "  Chimie 
orgauique  fondle  sur  la  synthese"  T.  IT,  p.  735. 

"  Annalen,  Bd.  129,  p.  149. 

"J.  C.  S.,  vol.  47,  p.  787. 

"Berichte.Bd.  17,p.  1975. 

"  Annalen,  Bd.  227,  p.  301,  and  Ibidem,  Bd.,  239,  pp.  12  and  13. 

"Compt.  rend.,  T.  102,  p.  433. 

"  The  original  names  of  these  derivatiTOS  already  indicate  this  fact. 
To  the  pinene  moubydrocbloride  alone  the  term  artificial  camphor 
23-A.  &  L. 
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(*'camphre  artificieP')  could  be  applied  on  account  of  its  camphor  like 
odor.    The  dipentene  dihydrochloride,  which  has  not  the  least  resemb- 
lance with  natural  camphor  could  be  called  ^camphre   artificiel  de 
citron'^  only  because  it  was  prepared  from  a  similar  natural  product 
and  in  an  analogous  manner.    The  ^camphre  artificiel*'   proffer  waa 
thereafter  also  termed  "  camphre  artificiel  de  t^r^benthine.^ 
«» Memoirs  de  la  Soci^te  D'ArcueU,  T.  2,  p.  23. 
"  Annalen,  Bd.  27,  p.  40. 
5»  Ann.  Chim.  Pbys.  [3],  T.  27,  p.  80. 
«  J.  C.  S.,  vol.  17,  p.  1. 

"Table  of  melting  points  in  chronological  order: 
1833.    Blanchet  &  Sell,  43^ 
1840.    Soubeiran  &  Capitain,  50". 
1840.    Schweizer,  50% 
1862.    Oppenheim,  48% 

1884.  HeU  &  Hitter  50-5r 

1885.  Yoshida  58-50° 

1887.    Weber  50'*  (Amalen,  Bd.  238,  p.  102). 
1887.    WaUach  50«'  (Ibidem,  Bd.  239,  p.  12). 
**Can  therefore  be  precipitated  from  its  solution  in  glacial  acetic 
acid  with  the  aid  of  water. 
«'  Tilden:    Berichte,  Bd.  12,  p.  1131. 

Wallach:    Annalen,  Bd.  239,  p.  5. 
«•  WaUach  I})idem,  Bd.  230,  p.  200. 
2"  Wallach  Ibidem,  Bd.  230,  p.  12.    (Gomp.  B.  k  S. '). 
""Coini).  Dipentene:    Kegenenition. 
^^\nn{ilen,  Bd.  'JKsp.  207. 
=-  First  ol)sorved  by  Ril)an:     Comi)t.  rend.  T.  70,  pp.  223  k  311. 

Conlirnied  by  Walhich:     Annalen,  Bd.  245,  p.  217. 
^^  Com}),  hi.storieal  skoti'h. 
«•  Hell  cV  Ttitter  (1S.S4 ):  Beridite,  Bd.  17,  p.  1075. 

Wallach  .t  lirass  (1881):  Annalen,  Bd.  225,  p.  208. 
''"  First  observed  by  List'^  i;i818)  verified  by  Devillo  (1840);    Ann.  Chim. 
Phys.  [:j],  T.  27,  p.  80,  and  others,  Wallach:    Annalen,  Bd.  230,  x^  248   and 
ibidem,  Btl.  2;]0,  p.  IS. 
"■'  Oppenheim'^  (1802). 
'''  Wallach:     Annalen,  Bd.  23(),  p.  2a"3. 
Comj).   also   Flavvitzky;  (1870j   Berichte,  Bd.   12,   p.  2354  and  (1SS7) 
ibidem,  Bd.  20,  p.  1050. 

Bouchardat  .V:  Lafont  (1880),  Compt.  rend.,  T.  102,  p.  133. 
^■^Borthelot^'  (1852). 
2^A:^^Vnnalen,  Bd.  230,  j).  44. 
^^  Ibidem,  I^d.  215,  p.  207. 
*-  Ann.  Chim.  Phys.  [3|,  T.  01,  p.  103. 
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"  Annalen,  Bd.  239,  p.  13. 

•*Ibibem,p.24. 

"Ibidem,  p.  3. 

"Ibidem,  Bd.  57,  p.  247. 

*'  Ibidem,  Bd.  225,  p.  303. 

"  Ibidem,  Bd.  230,  p.  249. 

"  Ibidem,  p.  265. 

"Ibidem,  Bd.  239,  p.  14  and  Bd.  ffi2,  p.  138. 

'■  Ibidem,  Bd.  230,  p.  249. 


ad  Terpinhydrate. 

'  According  to  Gmelia  "  Haad-bool(  of  Chemiatrr"  1860,  vol.  14,  p.  258. 

'  Repert.  »,  27G,  and  88,  410. 

>  N.  Joum.  d.  Ph.,  Bd.  15,  St.  2,  p.  46. 

*Jahresbericht  27,  p.  440. 

'  AuualeD,  Bd.  67,  p.  362.  List  distinguishes  between  "  Krystalllsirtes 
Terpin  C"  H"  0  +  3  H  +  2  aq.,"  and  "Terpin  ohne  Kryatallwasser, 
C"H"  0  +  3H,"p.375. 

'  Annalen,  Bd.  6,  p.  267. 

'Ibidem,  Bd.  7,  p.  167. 

'Ididem,  Bd.  33,p.  358. 

'  Ibidem,  Bd.  52,  p.  390. 

List '  rejects  this  term  because  according  to  his  iriews  the  elements  of 
water  in  the  terpin  are  not  present  aa  "  Hydratwasser."  He  also  rejects 
the  term  "  Terpentin  campher "  as  inappropriate.  He  accepts  the  no- 
menclature of  Bezilins'-'; 

">  Ann.  Chim.  Phys.  [3]  T.  27,  p.  80.    (Annalen,  Bd.  71,  p.  348.) 

"  Annalen,  Bd.  230,  p.  247. 

"  Ann.  Chim.  Phys.,  T.  57,  p.  334  (1835).    (Annalen,  Bd.  14,  p.  75. 

The  analyses  of  Dumae  and  Peligot  pert^n  to  crystals  found  in  tnr- 
pentine  oil(u),  in  basilicnm  oil  {Acimum.  basilicum,  L)  (b)  and  in  carda- 
mom oil'  (cardamomum  minus)  (c).  They  assign  to  these  substances  the 
formula  C,,,  H,,  +  H,,  O,  and  believe  thom  to  be  identical.  No  doubt 
these  crystals  wore  terpin  hydrate  as  also  those  obtained  by  Rammels- 
bers  (Anualen,  Bd.  52,  p.  391.)  from  a  mixture  of  turpentine  oil,  hydro- 
chloric acid,  "  Spiritus  cochleariae  "  and  "  Spiritus  Serpylli." 

''  Blanchet  and  Sell  mention  Buchner,'  Boisoaot,  Persot,  Cluzel  and 
Geiger  {Mag.  Fbarm.  10,  64), as  chemists  who  have  investigated  "Terpen. 
thin  campher."  B.  &  S.  had  not  prepared  the  substance  themselves  but 
had  recivod  it  from  Prof.  Geiger  who  probably  obtained  it  by  heating 
moint  turpentine  oil  for  some  time  at  a  temperature  of  50°.  Based  upon 
their   analysis  of   the    ("nicht    vollkomiuea  too  anhangendem  Oele 
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befreiten,")  aabstRnoe  they  assign  to  it  the  formula  C'°  H"  +  H*  O' 
r=  C"  H'°  O",  conaistiug  therefore  "aus  einem  Atom  Terpenthiu{il  uod 
einem  Atom  Waaaer." 

BlaQcbot  (Annalen,  Bd.  7,  p.  IGT)  obtained  "Terpenthinhydraf 
"  dnroh  Termischen  des  Ob!s  ("Wacbolderbeerenoel)  mil  Wassor  imd  bia<  i 
etellen  desselben  in  gew^hnlicher  Temperatur,  wo  denn  nach  einigen 
Wouhen  das  Hydrat  an  den  oberen  Wdtnien  ties  GefSaaes  kTyelalliaiTi.**- 
According  to  such  a  method  pinot  hydrate  is  obtained,  not  t«rx>in 
hydrate. 

"  niat  Steabouso,  accordinir  to  Wiggers'  method,  should  not  have  ob- 
tained terpin  hydrate,  but  a  substance  "Cj  H,  +  HO"  (i.  e.  C,o  H,„  O,) 
seems  etrango  iadcsd.  Analyses,  physical  properties  and  the  odor  of  the 
dehydration  product  do  not  harmonize  with  those  of  terpin -hydrate,  but 
with  those  of  pinol-hydrate. 

"■  Attempting  to  prepare  terpin  hydrats  in  one  experiment  (AJUialrai 
Bd.  57,  p.  247)  Wiggers  obtained  aceordiug  to  his  well  known  method 
■'campher"  within  half  an  hour,  which,  however,  disappeared  after  ser- 
eral  hours.  After  that  no  further  uryatals  would  result.  It  would  ap- 
pear from  the  text  that  'Wiggers  had  shaken  the  bottle  whereupon  tba 
crystals  dissolved.  Under  these  conditions  pinol  hydrate  might  forst. 
in  so  short  a  time,  but  not  terpin-bydrate. 

List  (Annalen,  Bd.  G7,  p,  362)  essentially  verifies  Wiggers'  statements, 
and  calls  special  attention  to  the  fact  that  one  molecule  of  water  in  ter- 
pin hydrate  is  present  as  water  of  crystallization. 

Derllle  (Annalen,  Bd.  71,  p.  346)  adds  very  little  new.  It  ia  of  intei^st, 
however,  to  note  that  he  recognized  the  identity  of  the  dlpentene  diby- 
drochloride  obtained  from  terpin  hydrate  with  that  obt.  from  lemon  oiL 

'*  Sobrero  first  recognized  the  fact  that  by  the  action  of  oxygen  in  the 
presence  of  sunlight  a  hydrate  is  formed  which  differs  from  the  "  Terpen- 
tinOlhydrat"  of  Wiggers.  He  assigns  to  it  the  formula  "C,o  H,,  O,  + 
2H0"(i-e.,  C,,H,,0,  =  C,o  H„0-f-H,  O].  This  substance  recently 
designated  as  "  soberol "  by  Armstrong  {J.  C,  S.,  voL  49,  p.  315),  is  noth- 
ing more  or  less  than  Wallach'a  pinol  hydrate  (Annalen,  Bd.,  259,  p.  313.) 

"  A  compilation  of  the  various  crystallagraphic  meaaarements  can  be 
found  in  Rammelsherg  **  Handbuch  d.  kryst.  phys.  Cbemie."  (18S2)  p.  449 

"  According  to  Vulpius,  J.  C.  8.,  56, 1302  (from  Chem.  Centr.,  1889,  p.  789l 
from  Pharm.  Centralhalle,  30,  289.)  The  statement  that  terpinhydrate  is 
soluble  in  200  p.  of  cold  and  22p.  of  boiling  water  (Keatencyclopfedie  der 
gesatomten  Pbarmocie  IX,  p.  645]  can  be  traced  back  to  Blanchet  and 
Sell  (Annalen,  Bd.  6,  p.  266).  It  has  been  indicated  that  these  ohemista 
ve^  likely  had  no  terpin  hydrate  in  hand  but  pinol  hydrate. 

"  An  alcoholic  solntion  does  not  decolorize  bromine;  WaUaoh:  (Anna- 
len, Bd.  230,  p.  248.) 

"Ibidem. 
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"  Ibidem,  p.  2TL    The  details  of  the  debydntion  experiments,  p.  253. 

"  Ibidem,  Bd.  239,  pp.  18,  30, 23. 

"  Comp.    Dipentene  dihydrochloride:    Historical  notes. 

"Observed  flrst  by  Berthelot  (Abb.  Chim.  Phjs.  [3]  T  61,  p.  163.) 

"Comp.    Dipeutene  dihydriodide:    Historical  notee. 

"Oppeaiieim  (1B(»).    AnnateD,  Bd.  139,  p.  148. 

•'  Wallach,  Ibidem,  Bd.  239,  p.  19. 

••Ibidem, 

"Ibidem,  p.  20. 

Oxidizing  terpiti  with  nitric  add  Hempel  (Annaleo,  Bd.  180,  p.  71)  ob- 
tained besides  carbonic  and  oxalic  acids  ctilefly  tolnto  acid,  0*  H'  O,' 
terephthalio  acid  and  terebinio  acid  C  H"  0.*  Oxidizing  terpin  with 
chromic  add  he  obtained  terpenyllc  acid  C*  H"  O'  +  H'  O.  Already  in 
185G  Fersonne  (Annalen,  Bd.  100,  p.  253)  had  obtidned  "TerebentUsaar* 
C],  H,a  O,'  by  passing  the  vapor  of  terpin  over  hot  soda-lime. 

"Ibidem,  Bd.  246,  p.  267. 

>'  Ibidem,  Bd,  230,  p.  249, 

"Dissertation,  p.  49,' 

"The  first  reliable  method  is  that  of  Wiggers.  Tilden  obtained  the 
same  product  from  American  and  French  oil  of  turpentine.  The  hydra- 
tion takes  place  in  the  presence  of  adds: 

1.  Of  nitric  acid  — Winers,  Mansfield, 

2.  Of  muriatic  acid — Bammelsberg  (Annalen,  Bd,  52,  p,  390.) 
[3.    Of  suiphnric  acid — TUden,  Wallach,] 

"That  the  regeneration  of  terpin  hydrate  from  terpineol  takes  place 
within  a  few  days  in  the  presence  of  dilute  acids  was  otiserred  by  Tilden 
and  confirmed  by  Wallach  (Annalen,  Bd.  230,  p,  366). 

■)  Dissertation,  p.  45. 
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ad  TerpineoL 

*  Although  much  has  been  written  about "  Wiggers'  terpinol ''  this  term 
did  not  originate  with  Wiggers,  but  with  List.  List's  terpinol  is  not  identi- 
cal with  Wallach's  terpineol  but  a  mixture  of  the  latter  substance  with 
hydrocarbons  C*®  H**  (probably  dipentene  and  terpinene).  However, 
Berthelot*  already  employed  the  term  terpinol  for  a  substance  C^^H^'O, 
whereas  Oppenheim*.  falls  back  upon  List's  formula  C*°  H**0,  although 
he  acknowledges  that  the  substance  under  consideration  is  most  likely 
no  chemical  unit  and  even  quotes  Gerhardt^  who  does  not  believe  in  the 
existence  of  such  a  body.  Tildeu*.  again  declares  List's  terpinol  to  be  a 
mixture,  nevertheless  he  retains  the  term  for  his  monatomic  alcohol 
Cji  0  HI  80.    The  same  must  be  said  of  Tanret'. 

*  Annalen,  Bd  67,  p.  362. 

» Ibidem,  Bd.  83,  p.  106.    (Compt.  rend.,  T.  34,  p.  799.) 
*Ibidem,  Bd.l29,p.  149. 
» J.  C.  S.,  Vol.  33,  p.  247,  and 
Ibidem,  Vol.  35,  p.  286. 

•  Ibidem,  Vol.  48,  p.  990.    (J.  de  Pharm.  [5]  T.,  11,  p.  506. 
'  Berichte,  Bd.  12,  p.  2354,  and 

Ibidem.  Bd.  20,  p.  1956. 

•  Annalen,  Bd.  230,  p.  254.* 

» Compt.  rend.  T.  104,  p.  996. 
"  Annalen,  Bd.  57,  p.  252. 

"  Compt.  rend.,  T.  102,  pp.  50,  .'^18,  13:3  and  1155. 
'« Ibidem,  T.  51  ?,  p.  845. 

'^  Bouchardat  and  Voiry  '^  claim  to  have  obtained  crystals  of  *'  tepileuol" 
prepared  from  t(?rpiii,  that  melted  at  :50-32^ 
"  Aimalen,  Bd.  '1H.\  p.  2()5. 
^^  Terpineol  from  its  acetate  (from  pinene)  218-223®  B.  ct  L." 

Terpiueol  from  terpiuhydrate  218®  B  &  V.'* 

"R-Terpeuhydrat^'of  Flawitzky-  213.7-217.7°. 

*^L-Terpeuhydrat"  of  Flawitzky"  217.7-220.7®. 
^^Comp.  *' Caiitschene  Mouochlorhydrate  •'  B.  *fc  L.^' 

Comp.  Terpiueol,  Wallach,  Annalen,  Bd.  2.30,  p.  21. 

"  l>om  acetate  prep,  from  — pinene  [a]      =  —  04.3°  B.  ct  L.^' 

**L-Terpenhydrat  of  Flawitzky'*'  [a]^  =  —  5().2®. 

"R-Terpenhydrat  of  Flawitzky^''  [^r]^  =  +  4S.4®. 

"  Terpilenor'  from  citreue  through  the  acetate  [a]    =  +  67®  31  La- 
font.'- 


I 
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"  Spec.  Gravity  =  0561  at  0",  Bouchardat  4  Lafont," 
0,952  BOQchardat  4  Voiry.' 

05339  at  0»    ) 

[  Flavritzky.' 

05340  810=-    ) 

0  940  at  15  ^    ^ 

f  Schimmel  4  Co.,  Bericht,  Oct  "90,  p.  52. 
0.935  at  20°    ) 

"  It  readily  absorbs  bromloe.  The  bromide,  however,  is  solid  at  very 
low  temperatures  only.  Allowed  to  stand  with  an  excess  of  bromine  di- 
pentene  tetrabromide  is  formed.    Wallacb,  Aniuden,  Bd.  230,  Pl  2G6. 

"TUdenalready  observed  that  in  alcoholic  solution  of  "terpinol"  acid- 
ulated with  nitric  acid  crytals  of  terpinhydrate  are  generated  J.  C.  B. 
vol.  33,  p.  250.  Wallach  observed  that  very  dilute  hydrochloric  or  sulp- 
huric acids  at  ordinaTif  temperatures  favor  the  addition  of  water. 

"  Since  terpinens  and  terpinolene  are  products  of  inversion  of  limo- 
nene  and  dipentene  the  terpiaeols  and  terpin  must  be  regarded  as  deriva- 
tives of  the  hydrocarbons  of  the  limonene  group,  but  not  of  the  pinene 
group.  This  view  is  supported  by  the  conversion  of  the  terpineols  into 
dipentene  tetrabromide"  and  into  the  dihydrolialogen  derivatives  of  di- 
pentene. 

''  Comp.  historical  notes:    Wallach  (1885). 

"List,  Annaleu,  Bd.  G7,  p.  370. 
Tilden,  J.  C.  S.,  vol.  33,  p.  249. 

**  Wallach,  Annalen,  Bd,  230,  p.  267. 
Plawitzky,  Berichte,  Bd.  20,  p.  1900. 

"From  the  method  of  formation  of  the  monochlorhyd  rates  of  the  lim- 
onenes  we  Icnow  that  by  the  action  of  hydrogen  cliloride  upon  terpineol 
the  monochorine  ester  (if  this  is  identical  with  limonene  monohydro- 
chloride)  could  not  be  found.  In  thie  reaction  water  would  be  generated 
and  thus  the  conditiona  favorable  to  the  formation  of  the  monochloride 
would  be  destroyed.  For  the  formation  of  terpin-hydrate  from  the 
monochloride  comp.    Dissertation  p.  45. 

"  Oppenheim,  Annalen,  Bd.  129,  p.  157.  This  substance  also  appears  to 
result  from  the  action  of  acetic  acid  on  pinene  (B.  and  L."),  upon  limon^ 
ene  (L")  and  upon  dipentene  (B.  and  L.") 

"Comp.  methods  of  formation  of  terpin  hydrate,  also  Wallach,  An- 
nalen, Bd.  239,  p.  19. 

"  Wallach,  ibidem,  p.  21. 

"  WaUach,  ibidem,  Bd.  230,  p.  267. 

"  Wallach,  ididem,  Tilden,  J.  C.  S.,  vol.  35,  p.  288. 

"  Annalen,  Bd.  246,  p.  267. 

"  ad     I.    Terpene  hydrates  of  Flawitzky^ 
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ad    II.    List':  by  meaiui  of  very  diliite aulphurio  acid  (p.  367.) 
Borthelol':  action  of  heat  alouei  chlorides  of  zinc, 

atrontium  and  ammonium,  fluoride  of  culciiuu. 
Tilden":  by  means  of  dilute  hydrochloric  acid,  (p.  248. 
Walloch':  by  means  of  dilute  solphuric  acid,    phospborlv 

acid,  glacial  acetic  acid  and  potassium  disulpbate. 

ad  in.    '  Bouchardat  and  Lafont";  Acetates  from  pinene  and  dipeO' 

LAfont'-:  Acetate  from  +  limonene. 

'Oppenbeim':  Dipetena  2  H  Br.  with  silver  acetate  (p,  151.) 
Oppenheim':  Dipeateue  'J  II I  with  ammonia  (p.  Iii6.) 

List'  (p.  373.)  )  By  boiUug  the , 

Bertlielot' (according  to  Oppenbeim.)  V     drocbloride      nil 
TUdeu'  (p.  249.)  )     water. 


Many  of  these  references  must  be  taben  with  considerable  i 
In  most  cases  no  pure  terpineol  was  obtained.    However,  it  is  to   btt' 
assumed  that  in  all  cases  more  or  less  of  it  was  formed. 

"AccordiuK  to  Tilden '  (p.  289|  lemon  oil  contain-s  10-15  p.  c.  oC  ■ 
substance  which  has  the  same  boiling  point  with  terpineol  and  jrielda  ii 
dichloride  melting  at  48".  This  "  natural  terpinol "  is  stated  to  be  dax*- 
trogyrate.  So  called  "  Cajeputol "  is  stated  to  contain  a  fraction  whicftL, 
boils  above  2U0°,  which  is  capable  of  yielding  a  dichloride  melting  at  -48". 

Weber  (Anoalen,  Bd,  '23fi,  p.  101,1  sppnrated  from  cjirdamom  oil  a 
tion  205-220",  which  yielded  dipeuteue  dihydrochloride,  melting  at  52°, 
He  did  not  succeed  in  making  the  carbanil  reaction. 

Watts  (J.  C.  S.  yol.  49,  p.  316)  has  anfflcient  faith  in  an  insignificant 
color  reaction  to  conclude  from  it  the  presence  of  terpineol  in  th©  <^ 
from  the  leaves  of  Citrus  Limetta. 

Bertram  and  Oildemeister  (Archiv  d.  Pharm.  Bd.  228,  435),  assome  the 
presence  of  terpineol  beside  bomeol  in  the  fraction  200-220°  of  kesso-eil 
(Valeriana  officinalis,  var.  angustifolla.)  They  obti^ed  from  thia  frao^ 
tion  dipentene  dihydriodide  melting  at  T6°-  The  oil  also  oontoUim 
dipenteue. 

-  KwBsniok  (Beriohte,  Bd.  24,  p.  81)  reports  as  follows  of  a  fraetioo 
from  Kuro-moji-oil  (Lindera  fericla,  BL):  "Mne  angenehm  nach  FU». 
derbluehten  riechende  Flaessigkeit  C,o  ^la  O,  siedet  bei  218°  and 
wnrde  durch  sein  Verhalten  gegen  Chlorwassertofl  und  gegen  Brom,  aowi* 
durch  sein  schoen  hrystallisirendes  Jodid,  welches  bei  75-76*  scfamllzt, 
identiflcirt."    This  oil  also  contains  4- limonene.dipentftne  and — oarvoL 
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ad  Nitroioehlorid£t,  etc. 

■J.  C.  S.  (1877),  Vol.  31,  p.  558. 
'  Annalen,  Bd.  215,  p.  245. 
•J.  C.  S.  (1875)  p.  514  and  ibidem  (1877),  p.  554. 
•J.  C.  S.  1BG4. 

'Berichte,  Bd.  18,  pp.  1729  and  2220. 
■  Anualeu,  Bd.  245,  p.  241. 
'  Ibidem,  Bd.  252,  p.  106. 

'Ibidem,  p.  109;  Comp.  also  ibidem,  Bd.  245,  p.  255,  and  DlsBertation, 
p.  18. 

•  Ibidem,  Bd.  252,  p.  Ill;  also  "  WisaensohaftUohe  Bellage  zam  Jahres- 
bericbt  des  Elizabeth  Gymnasiams,  Breelau,  Ostem  '90. 
"Ibidem  ,p.  124. 
"  Dissertation,  p.  22. 
"  Annalen,  Bd.  252,  p.  125. 
"  Aimaleii,  Bd.  252,  p.  145. 
"Ibidem,  p.ll2. 
"  Dissertation,  p,  23, 
"  Annalen,  Bd.  252.  p.  146. 
"  DisBertation,  p.  24. 
"  Annalen,  Bd.  245.  p  256. 
"  Ibidem,  Bd.  245,  p.  257,  and 

Ibidem,  Bd.  246,  p.  224. 
"•  Ibidem,  Bd.  245,  p.  268,  and 

Ibidem,  Bd.  246,  p.  227. 
"  Ibidem,  Bd.  245.  p.  257. 
"Ibidem,  Bd.  252,  pp.  HI  and  125,  also 

Dissertation,  p.  24,  et.  seq. 
"Annalen,  Bd.  245,  p.  258. 
"  Ibidem,  p.  270, 
"  Wftllach,  "  Nitrosate  and  Nitrosite  "  etc..  Annalen,  Bd.  241,  p.  288. 

Wallach,  Sechste  Abhandlung  Ibidem,  p.  315. 

Wallach,  Biebente  Abhandlun^  Ibidem,  Bd.  245,  p.  24L 

Wallach,  EUte  Abhandlong  Ibidem,  Bd,  252,  p.  106. 

Kremers,  Dissertation. 
"  Aaoalen,  Bd.  245,  p.  271. 

Ibidem,  Bd,  252,  pp.  113, 125  and  146. 
'■  Ibidem,  pp.  121, 120  and  147. 
"  Ibidem,  pp.  118  and  126,  also. 

Dissertation,  pp.  24  and  60. 
"  Dissertation,  p.  29. 
'°  Dissertation,  p.  34. 


"  Annalen,  Bd.  a«,  p.  380. 

Dissertation,  p.  40. 
"  Annalen,  Bd.  245,  p.  2G0. 

DiBsertation,  p.  49. 
"  Anualeii,  Bd,  215,  p.  205. 
•*  Dissertiitioa,  p.  51. 
"  Annalen,  Bd.  245,  p.  2G2. 

Dissertation,  pp.  E>5  and  34. 
"Ibidem,  p.  60. 
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THE  PSEUDO-GREGORIAN  DRAMA  xpi^ro^  nd6x<^y  IN  ITS 
RELATION  TO  THE  TEXT  OF  EURIPIDES. 


By  F.  L.  van  CLEEF,  Ph.  D. 


PABT  I.~  THE 


The  Christian  Drama  XpiOzoi  Ilddxaiy,  which  by  its  superacrlption  is 
ascribed  to  Gregorius  Naziaazenus,  has  been  clearlj'  shown  by  Doeriug 
and  Brambs  not  to  be  in  accord  with  the  other  writings  of  Gregoriusand 
assignable  not  to  him  but  to  a  much  later  writer.  Dwring'  attributed 
It  to  Tzetzes  but  Brambs,'  who  has  most  recently  and  most  thoroughly 
studied  the  problem,  assigns  it  with  seemingly  ipreater  right  to  Theo- 
dorus  Prodromus  or  an  author  of  that  period,  i.  e.  of  the  11th  or  12th 
century. 

The  drama  is  a  cento  constructed  of  Unes  taken  from  the  Prometheus 
and  Agamemnon  of  Aeschylus,  the  Cassandra  of  I^cophron,  the  Holy 
Scriptures  including  Genesis,  Exodus,  the  Psalms,  the  four  Gospels,  the 
letters  of  Paul  and  e^en  the  Apocryphal  book8;but  mainly,  as  the  writer 
acknowledges  in  his  introduction  {v.  3  sq.),  from  Euripides,  of  whom  he 
baa  used  seven  plays  known  to  us,  Hecuba,  Orestes,  Medea,  Hippolytus, 
Troades,  Bhesus  and  Bacchae.  From  these  plays  it  is  evident  tliat  the 
MS.of  Euripides,  that  the  writerhadinbispossession,  must  have  been  the 
second  of  the  two  classes,  into  which  Kirchhoft  has  divided  our  existing 
MSS.  of  Euripides,  and  that  no  more  plays  were  used  may  be  accounted  for 
on  the  supposition  that  the  MS.  used  by  the  writer  contained  only  the  seven 
above-mentioned  plays,  with  which  were  perhaps  bound  the  two  men- 
tioned plays  of  Aeschylus  and  the  Cassandra  of  I^cophrou.  That  the 
writer  had  no  other  plays  of  Euripides  before  him  seems  certain  from  the 
fact  that  he  has  plundered  these  in  a  most  thorough  manner,  not  con- 

'  De  tragoedia  Christiana  quae  Inscribitnr  XpirfroS  nd6xoov,  Kealschul- 
prog.    Barmen,  1861,  p.  8. 

'  De  auctoritate  tragoediae  Christianae  quae  ioscribi  solet  Xpieroi 
UdQxaiv  Gregorio  Nazianzeno  falso  attributae.  Diss,  inaug.  scripsit  J.  G, 
Brambs,  Eiebstadii,  1883,  p.  &1.  Cf.  also  the  Praefatio  of  Brambs'  edi- 
tion of  the  Christus  Patiens,  Teubner,  1885,  p.  17  sqq. 
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tent  to  take  here  and  there  a  IJne.  EvorythiD^  that  could  be  of  9< 
has  been  utilized  and  the  remarktiblB  thio^  \s  that  he  was  not  temp 
use  the  same  line  twice.  Indeed  he  seems  to  have  checked  off  eaci 
as  fast  as  used  and  never  to  have  repeated  it  without  considerable  < 
tion.  Nor  has  he  taken  the  verses  in  their  original  order  bat  wi 
brought  together  in  the  same  speech  verses  not  only  of  different  spa 
but  taken  from  very  diHoreut  portions  of  the  same  play.  Thus  o 
prologue  of  the  Medea  versea  2l>-39  (excepting  only  23,  24 
20)  have  been  used  by  the  writ-er  of  the  Xpiaroi  Haoxay  as  tol 
V.  20 -— 4  ot  the -\>.  /r.i2l9q.=  51  sq.;  25  sq.  =  4(!  so.;  27  sq.  =^97 
30  =  974;  31  fKj.  =  945sq.;  33  =  54!); -W  —30=5.1  —55;  37  =  489;  38  = 
39  =  491.  From  this  it  is  plain  that  he  was  so  thoroughly  master  of 
eixteen  verses  that  he  has  interspersed  them  in  one  thousand  lines  ( 
drama. 

Inasmuch  as  we  have  here  excerpts  from  plays  of  Euripides 
served  in  .some  cases  iu  a  single  manuscript  and  in  others  in  only  t 
'woulil  seem  probable  at  first  consideration  that  this  cento  would  1 
groat  value  in  determining  the  text  of  Euripides.  This  question 
early  investigated,  soon  after  the  appearance  of  Kirchhoff  'a  er. 
edition  of  Enripides,  by  A.  DcBring.'  Kirchhoff  had  previonsly  pol 
out  the  fact  that  the  MS.  of  Euripides  used  by  the  author  of  this  < 
contained  without  doubt  the  portion  of  the  Bacchfe  after  v.  1328,  n 
our  present  MS.  lacks,  and  hence  was  derived  from  an  archetype  w 
contained  the  whole  of  that  play.'  But  Dtering,  Eifter  citing  all  t 
passages  in  which  the  X/i.  TT.  had  preserved,  as  he  judged,  the  rea.1  i 
ing  of  Eiuipides,  reached  the  conclusion  that  the  MS.  u.sed  by 
author  of  the  Xp.  n.  was  inferior  to  the  M88.  of  Class  I  but  auperii 
those  of  Class  II  of  the  F.uripidean  M88.  It  ia  my  intention  in  thi; 
per  to  investigate  the  problem  more  thoroughly  and  to  set  forth  cle 
both  sides  of  the  shield,  inasmuch  as  there  was  a  feeling  that  but 
side  had  been  clearly  shown  in  the  articles  of  Dmring  in  Philolo 
And  that  the  paper  may  not  be  too  colossal  in  its  magTiitnde,  it  has  I 
decided  to  limit  the  present  investigation  to  one  play  of  Euripides, 
Bacchte,  preiserved  in  only  two  MSS.,  a  Palatinus  287  of  the  14th  peni 
(designated  by  the  letter  P.)  and  a  Florentinus  XXXII  (known  by 
designation  C.)  also  of  the  14th  century  which, however,  contains  bat 
first  half  of  the  play,  laokini;all  from  verse  751!  on  to  theend(13Ki). 
the  writer  of  the  Xp.  TI.  has  taken  from  the  1392  lines  of  the  Bacchse  ( 
extracts  from  those  portions  now  lost  in  our  MSS.  do  not  come  here  i 
consideration)  over  250  lines  for  his  cento,  over  half  of  which  are  fi 


'  Die  BedeutuDg  des  Tragredie  Xp.  n.  fQr  die  Textkritlk  des  Rbe; 
Philologue  23  (1800),  pp.  577-ri91,  and  Die  Bedeutung  der  Tragmdie  Xp 
fQr  die  Euripidestertkritik,  PhiloloKus  25  (1S68),  pp.  '221-258. 

■Ein  Supplement  zu  Euripides' Bakoben.Pbilologus  3  (1S53),  pp.  78 
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the  latter  baU  of  the  play,  preserved  in  a  single  MS.  o(  the  14th  oentniy, 
there  would  seem,  to  be  good  opportunity  in  this  play  for  determining  the 
value  of  the  citations  as  found  in  the  Xp.  II.  for  the  text  of  the  Bacchie. 

It  must  first  be  remarked  that,  as  the  subject  of  the  oento  did  not 
often  allow  its  author  to  quote  directly  without  change  from  his  chosen 
model,  we  expect  to  find  many  variations  from  Euripides  occasioned  by 
this  foot,  and  do  not  expect  to  find  many  lines  to  be  taken  verbatim 
Bearing  this  in  mind  three  classes  of  citations  as  made  by  the  author  of 
the  Xp.  n.  may  be  distinguished.  ■ 

I.  Those  verses  in  which  one  or  more  words  have  been  necessarily 
changed  to  bring  into  harmony  with  the  theme  the  heathen  conceptions 
of  Euripides.  This  class  also  includes  all  those  verses  in  whioh  by 
reason  of  the  context  some  change  has  been  made.  The  verses  in  this 
clasd  must  necessarily  constitute  the  great  majority  of  all  the  verses 
quoted  and  we  add  here  the  list  that  it  may  be  of  service  to  any  who 
may  desire  to  investigate  the  question  further.' 

1  =  Xp.  n.  1573  (?)       29  =  1B53 

2  =  1545  (?)        30  r.  1555 
4  =  154C,  1533,1535 sq.,  31  =  1552  (?) 

1513,  1T58  sq.,  40  =  15G8 

2395, 2405, 2574 '  47  =  1574, 1564 

7  =  1582  48  =  1565 

10  =.  1585  ■     50  =  1575 

li  =  15S6  51  =  1576 

21  =  1563 '  52  =  1577, 1536, 1343 

2fi  =  1547  53  =  1512, 2374 

27  =  IKO  54  =  1536, 1543 

28  =  1551  58  =  1606, 1124 


00 

=  2519 

61 

=  2520 

69 

=  1608 

71 

=  1607 

72 

8q.  =  1139 

73 

sq.  =  1140 

75 

sqq.  =  1141 

80 

sqq.  =  1142, 1144 

120 

=  1599 

179 

=  1149 

180 

=  1150 

181 

=  1152 

■  The  flrat  and  only  complete  list  of  quoted  verses  that  exists  is  to  be 
found  in  the  preface  of  Brambs'  edition  in  the  Teubner  series,  p.  8  sqq. 
The  list  of  verses  quoted  from  the  Bacchse  {p.  15  sqq.)  is  almost  complete. 
I  have  added  but  two  further  citations.  In  aconsiderable  number  of  in- 
stances the  parallolism  as  there  referred  to  is  so  very  remote  as  to  be  of 
no  value  for  our  investigation,  and  to  leave  great  doubt  in  the  mind  if 
the  verse  is  really  modeled  after  that  of  Euripides. 

'  When  more  than  one  verse  of  the  Xp.  II.  is  cited  as  a  parallel  of  a 
verse  from  the  Bacchae,  the  one  that  stands  first  is  the  real  corres- 
ponding verse,  the  others  may  he  neglected,  as  corresponding  only 
vaguely  with  the  given  line. 

'The  proposal  to  read  here  the  future  participles  xopevday  xal  nara- 
6ri/6a>y  from  the  evidence  of  the  Xp.  U.  is  neither  consonant  with  the 
context,  nor  demanded  by  the  Xp.  11.  For  it  is  not  true  that  the  tense 
has  never  been  changed  in  the  Xp.  11.  Such  s  change  occurs  in 
280=571;  1120  =  2564;  1128  =  1102;  1237  =163;  713  =  2218; 213  =  1561; 
777  =  2245;  955  =  1500;  1077  =  2251;  1223  =  2202. 


viacotisiH  AeacUM^  of 


183  =  1153 

447  =  2075 

973  =  1306, 1295       1 

lS6  =  115li 

■450  =  1655 

fflS  {=  1015)  =  ItUH 

187  =  1157 

489  =  1556 

1025  =  1648                  fl 

213  =  1561 

492  =  1668 

1026  =  1649  aq.  •         | 

231  =  1^3 

666  =  2212 

1027  =  647.  leOl 

232  =  1559, 1557  ' 

670  =  2222 

ICtiO  =  438,  (54 

340  =  155T 

678  =  1845 

1031=1535,2100,2542 

a(8  =  1138 

fl83  =  l&33 

icn2  =  652,  2192 

2rd  =  iP3 

684  =  1835    . 

1043  =  657                   J 

203  =  IW  sq, 

C85  sq.  =  1830 

1044  =  658                     ■ 

280  =  571 

693  =  2018 

Um  =  675                     H 

283  =  570 

712  =  2216 

1050  =  678                    fl 

287  =  573 

732  =  1812, 1810 

1064  =  600                    fl 

288  =  575 

733  =  1811. 2039 

1065  =  661                    V 

289  =  577, 585 

760  =  1101  (?) 

lOOa  =  663                   1 

290  =  579 

761=  1103  (?) 

1(169  =  566                       ■ 

291  =  580 

769  =  2262 

1073  =  662                     1 

306  =  587 

770  =  2283 

1077  =  2254                     ■ 

307  =  683 

772  =  2205 

1079  =  2iS7 

309=581 

774  =  2266 

1032  =  2258 

313 1=686 

776  =  2221 

1085  =  2261 

315  =  263' 

777  =  2245 

1086  =  671,  2013 

333  =  599,  565 

779  =  2228 

1088  =  170, 2016 

335  =  1032, 5ffi,  59? 

780  =  2229 

1089  =  2017, 171 

360  =  1788 

788  =  2278 

10^  =  666 

361  =  1789 

789  =  2279 

1097  =  668 

362  =  1790 

790  =  2280 

1113  =  1432 

363  =  1791 

846  =  2387 

1118  =  2566 

389  sq.  =  1801 

854  =  2311 

1128  =  1162 

390  =  1803 

960  =  1522 

1135  =  1473 

391  =  1804 

962  =  1524 

1143  =  1167 

442  =  1384  (?) 

963  =  1525 

1114  =  1062 

443  =  1385, 1928 

964  =  1526 

1202  =  1598 

445  =  2070,  2073 

967  =  1521 

1214  =  1264 

446  =  2074 

972  =  1531 

1215  =  1205 

'  The  ohaiDje  of  vaxiaay  to  Grijetti  is  doubtless  due  to  the  fact  that  the 
author  of  the  Xp.  n.  had  already  used  7tav6ei'i  in  1557.  After  substitnt- 
iuR  Kaxovpyiai  for  r^68c  fSanx^iai  he  could  scarcely  retain  ftanovpyov 
and  hence  changed  it  to  xaxovpyor. 

'  This  similarity  hae  been  overlooked  by  Brambs . 

'The  dative  of  the  Xp.  II.  is  partial  testimony  to  the  dative  of  C,  P, 
and  Btob.  5, 15.    Stobaous  74,  8  reads  eH  rtjv  ipvGiv. 

*lv  yy  of  the  Xp.  H.  testifies  somewhat  to  f  v  yaUx  of  P.  and  against 
Wecklein'a  emendation,  tv  yviati. 
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1217  =  1486 
J219  =  1487 
1221  =  1488 
1220=  1455 
1233  =  161 

1239  =  165 

1240  =  166 
1243  =  169 

1259  ^  1053 

1260  =  1890 

1262  =  1056,1892 

1263  =  1(68 


1280  =  1310, 444, 853        1339  =  2573 

1281  =  854  1340  =-- 1685 

1314  =  1342  1346  =  2862 

1315  =  1343  1352  =  1700 

1327  =  1712  sq.  1353  =  1701 

1328  =  1714  1356  =  1671, 1758 

1332  =  1760  1360  =  1684, 1696 

1333  =  1680  1362  =s=  1697 

1335  =  1683, 1678  1366  =  1703 

1336  =  1678  1368  =  1706 

1337  =  1681  1369  =  1706  aq., 

1338  =  1752, 1682  .     1756. 


II.  The  second  class  of  citations  consists  of  those  verees  which  are 
qnoted  exactly  as  we  have  them  in  oar  existing  Euripidean  MSS.  This 
list  is  even  larger  than  we  should  have  expected  and  embraces  fifteen 
lines,  the  enumeration  of  which  is  here  given: 


Found  in  both  P.  A  C. 


Bacchffi.   Xp.  n. 

39  =1567 
178  =1118 
316'=  264 

668'  =  2219 
660'  =  2220 
679  =1846 


'  This  verse  which  stood  clearly  in  the  Eur.  MS.  of  the  author  of  the 
Xp.  n.  at  this  place,  as  in  the  two  MSS,  of  the  Bacchae,  (for  Xp.  U. 
314  —  316  =  Bacch.  262  —  264)  is  rejected  by  Kirchhoff  and  Wecklein, 
(Cf.  the  latter's  Curae  Criticae,  p,  18.  Wecklein  considers  it  a  dittograph 
of  Hipp.  79.)  because  it  was  laclcing  in  Stobaeus  71.8,  who  quotes  the 
whole  passage.  Nauck,  ou  the  other  hand,  following  Dindorf,  rejects 
Hipp.  79-80  as  spurious,  and  retains  our  verso.  If  the  verse  is  to  be  re- 
jected, then  the  MS.  used  by  the  author  of  the  Xp.  H.  is  in  no  way 
superior  to  our  Euripidean  MSS.  and  the  interpolation  must  have  been 
made  iu  the  common  archetype  of  our  MSS.  and  that  in  the  possession 
of  the  author  of  the  Xp.  TI. 

'  MS.  A.  of  the  A'/)-  /I- roads  itottp'  q)s,V.  T&i're/joi- (omitting  rfoj).  Cail- 
lau's  Benedictine  edition  of  1810  {Xp.  H.  appended  to  the  worlis  of  Gre- 
gorius  Naz.)  x/idror  doc.  This  variance  we  shall  have  occasion  to  men- 
tion later. 

'  Here  the  Xp.  IJ.  agrees  with  oar  Euripidean  codices  in  reading 
TaHf'i'iiy,  which  Brunck,  whom  all  subsequent  editors  have  followed, 
chauged  to  r«  xti<iev. 


nX  So  far  we  have  mttde  no  distinctiou  between  the  MS.  of 
oBed  by  the  author  of  the  A'^.  71.  and  the  esisting  MSS.  of  the  Ba< 
It  is  in  the  third  class  of  citatious  that  we  shall  have  oecasion  to  s 
how  much  value  the  citations  from  Euripides  found  in  the  Xp.  n 
This  chias  includes  all  those  verses  iii  which  no  ptirtioular  reason  s 
to  exist  to  justify  a  rhaoge,  and  yet,  which  show  some  variation  frou 
MS.  readinfcs  of  the  BacchEe.  HSre  three  »ub-di visions  are  to  be  di 
yuished.  A,  those  cases  in  which  the  Xp.  U.  presents  a  reading  »o  pli 
superior  to  our  MSS.  reading  that  it  has  been  adopted  by  Kirobhoff 
all  who  have  followed  him;  B.  those  cases  in  which  the  Xp.  IJ.  offi 
reading  which  has  appeared  to  some  of  the  editors  of  Euripides  wo 
of  adoption  or  in  which  the  readings  presented  by  the  Xp.  n.  s 
least  equally  good  with  those  of  the  MSS. :  C.  those  cases  in  whicl) 
Xp.  n.  presents  a  corrupt  reading,  although  there  is  uo  apparent  re 
to  justi^  the  corruption, 

A.    The  verses  in  which  the  readings  of  the  Xp.  IJ.  have  been  ado 
by  all  the  editors  of  Euripides  iu  preference  to  those  of  our  Euripic 
are  the  following: 

05.  C.  &  P.  AirroiJtfQ,  Aiffoiitfui  C  as  also  Xp.  IT.  1602,  Et.  M.  is 

while  Strabo,  469,  testifies  at  least  to  the  ending  ~ 

[Here  as  in  a  number  of  other  o 

Xp.  n.  is  entirely  ignored  by  Kirchhofl.] 

S55.  P,  &  C.  road  6o>pdS  6og>di  ti.    Bat  the  Xp.  U,  1529, 0 


694.  P.  &  C.  read  icapHevot  i 

hand  has  itapOtfot  r'  i 
conjecture 


[^uyts.  The  Xp.  n.  on  the  ol 
'Zvyei  whicii  all  have  adop 
Mus.    XXm.    180)    6vZoi 


'MSB.  V.  and  B.  of  the  Xp.  II-  aCroy. 

'  MS.  P.  and  the  Xp.  II.  read  XP'}'"^-  Orion,  Anth.  4,  p.  55,  reads  xri 
which  all  the  editors  hove  adopted.  iNauck  adopts  without  any  not 
the  changel)  Here  again,  if  the  MS.  of  Euripides  is  wrong,  the  Xp.  L 
wrong  with  it,  and  the  corruption  is  to  be  traced  to  the  archetype  ol 
and  the  Euripideau  MS.  of  the  Xp.  n. 

"Bruhn  proposes  for  uereiz'  fitvoTi^  against  the  combined  testlmi 
of  P.  and  the  Xfl.  n. 
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KaZvyti,  seems  extremely  probable,  In  which  case  the 
Earipidean  MSS.  have  preserved  the  reading  better  than 
the  Xp.  n.,  although  both  have  been  cormpted  by  the  in 
corporation  of  the  gloss,  vapd/rot,  into  the  text. 
The  remainder  of  the  cases  are  from  the  portion  of  the  play  preserved 
only  in  codex  P. 

4.  778.  P.  reads  ttpaHTSTai.  But  the  Xp.  11.  $221  itpdwrtTat.  (Bat 
codex    V.  of  the  Xp.    II.  shows  the    same  comiption 

6.  1031. 6v  om.  codex.  But  the  Xp.  11.  2100  and  2512  retains  6v,  thoogb 
the  order  of  the  words  is  changed.  Kirchhoff  is  followed  In 
the  insertion  of  6v  by  Nauck  and  Brubn.  Other  editors 
have  suggested  other  methods  of  restoring  either  the 
doohmiacs  or  a  trimeter.  At  the  best  the  reading  of  the 
Xp.  n.  cannot  be  regarded  as  very  mach  superior  to  that 
of  the  Palatinns. 

6.  1011.  P.  Tii'ci.    But  Xp.  n.  653  rlvt. 

7.  10i9.  P.  kH«o6av.  Xp.  II.  677  ix  noSiSy. 

8.  1096.  P.  xpaTafiiXovi.  Xp.  II.  667  x/rarni/SdAows. 

9.  1151.  P.  oi'uair'.Xp.n.  1146  and  Orion,  Anth.i,SSoiMat8\ 

[Here  again  K.  ignores  the  additional  testimony  of  the 
Xp.  J7.]    Reiske  ctianged  to  raCro,  wliich  Pale;  follows. 

10.  1161.  P.  iUJiptiiaTo.  Xp.  J7. 1050  HexpaUre.  Scaliger  had  sug- 

gested the  change,  to  whom  K.  and  W.  ascribe  the  reading. 

11.  1344.  P.  Kiets6Mt6a.   Codex  V.  of  Xp.  II.  2557  Xi066ut6(ia,  the  re- 

maining codices  agree  with  the '  Palatinns.  Musui-ub 
changed  to  X.ie<i6pe6Ba,  to  whom  the  emendation  is  as- 
cribed by  K.  and  W.  with  no  reference  to  the  Xp.  II. 

12.  1S2.    TliiB  verse  seems  rightly  rejected  here,  as  Dobree  has  done, 

not  only  because  It  is  a  paraphase  oi  960  but  because  the 
Xp.  H.,  which  quotes  the  whole  passage  from  178  to  187  in 
verses  1148-1157,  entirely  ignores  the  existence  of  this 
verse.  Evidently  it  was  not  to  be  found  in  his  MS.  of  the 
Bacchae,  else  he  had  made  use  of  it  for  his  theme. 

13.  1213.  P.    itXcHzav.  Xp.  n.  1263  jrijxrds,  from  which  Barnes  drew 

the  emendation  utikt^v.    The  passage  will   be   treated 

14.  1315.  P.    tueOeh^  which  Musuros  corrected  to  tudStV.    The  mis- 

take is  not  to  be  found  in  Xp.  U.  2560,  where  the  form  given 
is  ifiaOouey- 
B.    Verses  in  which  the  reading  presented  by  the  Xp.  II.  seems  at  least 
as  good  as  that  of  our  MSS.  of  the  Bacchae. 

1.    1048.  P.    iiiicpoy,  which  Mnsums  emended  to  xoir/p6v.   The  Xp.  n. 
676  reads    x^o^pay.     The    passage   is   ably   treated  by 
Doering  (Phil.  XXV.  (1867)  ).    xoit/p6i  is  found  twice  la 
S4-A.  &  L. 
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classical  Greek  and  both  occurences  are  in  the  Cyclopes  of 
Euripides,  45  and  01.    ^Ao?//jf/  is  the  form  in  P.  at  Baoch. 
106,  ;fAo;/p^i  with  ov  suprascr,  in  C.  Cf.  Wilamowitz,  ^VnaL 
Eur.  p.  47.    Hermann  on  this  passage,  reasoning  from  the 
analogy  of  xi66f}fjffi^  decided  that  ;fAo7/p£z  was  to  be  read 
here.    For  our  passtigo  we  must  assume  a  co-ordinate  form 
X^oyjpoi,  although  it  does  not  occur  elsewhere.     It   were 
possible  to  read  in  the  Xp.  n.  ;f/lo77/a^3  or  x^^VP^^  to  bring 
it  into  harmony  with  Biiccli.  106.    There  was  no   reason 
why  the  author  of  Xfj.IJ.  should  have  made  a  chance  and 
he  doubtless  found  ;tAo;//-»«>r  in  his  MS.  of  Euripides. 
2.    1084.  P.    EvXei/ios.    But  A'/j.  II.  2iI»X)  v  Ant  us.  evXf.rmo^  is  a  nTr^ii 
XEyauevnv.  vAijuoS  is  said  to  be  found  in  fra^.  ^.fcO.   34. 
Cf.  Wilamowitz  on  this  line  in  Bruliu's  edition  of  the  Bac- 
chae.'    And  Doering  rightly  notes  (Phil.  XXV.  (ISGTj  )  that 
V/lz/zos  agrees  better  with  ^t'AA-  f /^f  of  1085  and  stren^h- 
ens  the  idea  of  6tycx,  while  FvXfiuos  seems  an  unnecessary 
epithet  of  the  vditff.    ErXeijjo?  could  easily  have    arisen 
from  vXtjiioi  by  reason  of  tlie  pronunciation.    Inasmuch  as 
vXijiioiia  rightly  constructed  (cf.  ;i:p;/(Jz//o?,  (^o^<^///c>f,  etc.), 
occurs  elsewhere  (?)  and  suits  tlie  context  better,  wfcilt? 
evXeijuoS  is  as  least  somewhat  suspicious  in  its  formation, 
Bruhn  inserts  the  former  in  the  text,  v/hile  Wecklein  de- 
cides also  in  its  favor. 
8.    1353.  The  line  in  R  has  only  five  feet.    The  probable  completion 
of  the  line,   ndvTf^,    was  suggested   })y  Kirchholf   from 
Xfj.  77.1701  ndi'Tix^.     This  emendation  has  been  a»i(>j)teil 
by   Schoeno    and    Bruhn.    Other  editors  havo   propost.'d 
oth(*r  solutions  of  the  dillioulty,  while   Paloy    di'sirtnl  to 
reject  the    verse    entirely.     TtdrTf^    seems    the   .simplest 
emendation    and    the    only    one    that  has  the   slight orst 
authority. 
4.    787.  P.  reads  Xovodv  hXvodv.    But  the  Xp.  II.  *J*277  nXufiy  At'tyuty. 
Nauck  preferred  to  change  to  n\va)y  Xovdoy.     The  i;so  (►f 
the  inlinitive  in  the  Xp.  IJ.  seems  justilled  by  the  di}S«'n-:ii.t' 
in  meaning,  as  Doering  (Phil.  XXV.)  has  shown,  hut    the 
transposition  can   be   due  only  to  one  of  two  cau.-^fs.     1. 
Because  the  author  of  the  Xo.  II.  found  the  words  in  t'i«»ir 
transi)()sed  order  in  his  MS.  of  Euripides;  or  2.     Bt'fau.xe 


' I  have  been  unable  to  find  the  citation.  On  careful  inspection  of 
the  references  to  the  fragments  of  Euripides  in  I5rulin's  eclition  of  the 
Bacchae  it  is  not  at  all  evident  what  edition  he  made  use  of,  jus  tlie  num- 
bers correspond  in  no  instance  with  the  editions  within  my  reach,  viz. 
the  older  collections  of  Matthiae  and  Dindorf  and  the  editions  of  Wag- 
ner and  Nauck. 
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he  made  an  arbitraiy  change  In  the  Enrlpldean  text.  The 
latter  seems  to  be  the  reason  in  this  case.  As  th< 
next  line  in  the  Xp.  TI.  ends  with  JtXviay,  its  author  appar- 
ently desired  to  avoid  the  slmulaiity  of  endings  and  bo 
changed  the  order  of  words  in  this  line.  There  seems  to 
be  uo  reason  for  preferring  with  Nanok  the  reading  xXvair 

6.  14.  The  line  is  lacking  in  C.  P.  and  Strabo  I.  27  and  XV.  687  read 
Ilffi'Siiv  0',  which  Elmsley  wished  to  emend  to  6'  and 
Wecklein,  who  in  16  reads  lapXOof  for  isekOoiy  from 
S(rnboXV.C8T(althoughStr.  1.27  gives  iicfUOmr),  drops  6' 
altOK*^ther.  Wecklein  however  says  nothing  of  the  testi- 
mony of  the  Xi).  17.  li>88,  which  alHO  omits  ')'  bat  preserves 
the  participle  iu  verse  16,  though  changed  to  trafieX'my. 
6,  20.  P.  and  C.  noAi^.  But  .7^.  i7. 1^95  ^u>-a  which  Schenkl  and 
Wecklein  have  taken  into  text,  who  also  place  verse  20 
after  22.  In  the  order  of  lines  preserved  by  our  MSS. 
*  the  similar  endings  of  19  &20,  iiii^ri!  and  vdAi*-,  seem  ob- 

jectionable. But  if  the  order  be  changed  th"*  -'-Ipction  is 
removed.  ^ 

We  may  also  include  under  this  head  those  cases  in  which  the  cita- 
tions from  the  XtJ.  11.  agree  with  one  of  the  MSS.  and  not  with  the  other. 
They  are  as  follows: 

1.  75.    P.   OiarfiJeverai.    But    O.   and   the  Xp.   11.   1141   Siaeeuerat. 

This  statement  rests  upon  Bruhn's  Kritischer  Apparat. 
Wilamowitz  in  his  Analecta  Euripldea  doee  not  note  this 
variance  of  the  MSS.,  so  that  it  seems  at  least  questionable. 

2.  46.    P.  ouSafiov  with  which  the  Xp.  12. 1571  agrees.    C     JScfioSi- 

3.  56.    P.  ^vrtuitopovi.     C.  and  the  Xp.  n.  1603  ewefiKipovi.    All 

editors  follow  MB.  P.' 

4.  314.    P*  with  Stobaens  Flor.    5.10  and  74.8  read  /iT^if  vuppuvelr. 

P.  C.  and  the  Xp.  n.  262  daoipporclr  without  /i^. 
In  the  following  passage  the  thought  rather  than  the  word  of  the  Xp-  IT. 
hsH  furnished  Hartung  (whom  Sohoene  &  Brubn  have  followed)  with  a 
plauKible  correction  of  MS.  P.  1090-1  jjOiioyei  II  •  exovtSai  certainly 
cannot  stand.  Kircbhoff,  following  Heath,  reads  for  ijtsooyei  fjaiSai-a 
ami  retains  i'xovim.    Wecklein  prefers  to  bracket  1091.  '  The  three 

• '  In  443  =  Xp.  n.  1.385  and  1928  the  MSS.  of  Euripides  read  ««, 
euf^on.tOitfi  Xp.  n.  1385  ovi  evv-\mt  1928  ouS  ^vv-  Such  a  point  is 
entirely  beyond  the  evidence  of  late  MSS.,  as  seems  also  the  case  under 
cou>iidcration.  It  is  only  given  to  give  the  benefit  of  the  doubt  to  the 
X,i.  n.  A  similar  qu^tion  is  that  of  i;  and  tii.  Cf.  ^ja=Xp.  n.  VS&; 
1073  =  662.  Likewise  -rj  or  -ei  in  second  person  singular  middle  of  the 
verb,  Cf.  787=2277  and  2286;  960=1522.  ~  So  also  the  i  subscriptum  in 
the  verb  iSt^oi;  cf.  1050  s=  678:  and  the  accent  of  itya;  cf.  1084  =  2260. 
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above-meotioQed  editors  draw  from  the  aignifioatioii  of  Spduaiat  of  the 
Xp.  n.  2015  and  tha  form  of  the  reading  of  P.  the  emendation  Tpe'xovecn. 
C.  5o  far  we  have  regarded  tlic  readings  afforded  as  in  an;  wa^  b7 
the  Sp.  JJ.  as  either  superior  or  equal  in  value  to  those  of  our  MSS.  of 
the  Bacchse.  la  Class  C.  will  be  ooUeoted  all  those  paaauges  in  which 
the  aathoT  of  the  Xp-  U-  has  apparently  with  the  utmost  arbitrariness 
changed  the  Enripideatitext  orwithamoreuharitable  supposition  found 
in  bis  MS.  a  verj  corrupted  farm  of  the  Euripidean  text. 

1.  B.  Xp.  n.  1583  has  mppnvuei''  tar  rvip6;iera  and  a«0teror  for 
crt  Zaeav.  These  changes  were  dotibtleaa  made  to  avoid 
the  resolved  feet.  The  Euripidean  line  is  tinaiatrical  and 
dilBcult.  Barnes  emended  hj  dropping  n  and  be  ha^ 
been  followed  b  j  all  the  editors  bat  the  line  is  not  relieved 
pf  all  its  difficulties. 
8.  Xp.  n.  1581  apos  TJjyS'  for  «/s  ttiv>'-    The  same  variation  ia 

312.  Xp.  n.  584  ffpdi  yw  for  tli  rv'  and 

776.  Xp.  n.  twice  {22i4  and  2222)  xpii  ror  rvpavvav  for  tli  ror 
rvpnyyur.  Of  these  three  cases  the  first  may  have  been 
due  to  the  couteict.  To  obtain  a  final  long  pliable  in 
HoXiy,  npoi  may  have  been  written  after  it  instead  of  Ui. 
Bnt  this  explanation  will  not  hold  for  the  other  two  in- 
stanoes  and  the  antlior  of  tlw  Xp.  U.  does  not  fllaeirbere 
diow  saoh  attention  to  the  laws  of  quantity.  A  short  i 
lengthened  under  theinflnence  of  the  accent  is  not  a  rare 
phenomenon  in  the  Xp.  11. 

5.  13.  Xp.n.  1587  JiartvxXeels   xoi-tti  tot  itokvxpvOovi  yvas.     The 

reading  of  the  Xp.  n.  is  testimony  to  the  accusative.  Elms 
ley,  followed  by  Wecklein,  reads  jtoAu^piitfiav. 

6.  16.  Xp.  n.  1590  xopeXSoiv  for  ItttXSiay.     Here  also  'Appdflaov  for 

'Aptt/3iay  to  avoid  the  resolved  foot,  i«tX9ioy  is  the 
reading  of  Str,  1. 27,  bnt  Str.  XV.  687  gives  itri/Xdoy,  which 
Wecklein  has  adopted. 

7.  ZL  Xp.  n.l56i  i/i'pafiiitor  Ifigiayiji.    Similar  is 

8.  993  =  1013.     Xp.  77.  1099  ^wri-epwi  for  giaytpdi. 

9.  46.  Xp.  n.  1571  d'  for  r". 

10.    66.  Xp.  n.  1603  l^l6i  QiaOoi  for  SiatSin  iuoi. 

U.    116  aq.    Xp.  il.  1611  ir  oS  6?/Xvycyh  pern  yiyoi  for  fv9<7  uiyii  - 
HtfXvyty^i  oX^Oi- 

12.  184.  Xp.  n.  1151  xpi}  for  StT.    Bnt  Stl  is  the  emendation  of  Musn- 

rus  for  S^  of  the  M3S.,  which  corroption  had  Its  origin 
doubtless  in  itacism. 

13.  185.  Xp.  n.  1156  yvr  ^ov  for  Hnyov. 
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U.  191.  Xp.  n.  1161  aitoroji  for  afiojfiti.  This  is  plainly  a  change  as 
the  line  Is  unmetrically  constmcted.  Cctdex  Vindob,  (V.) 
givos  O'aVdfias  jJ^ojv  ^ytjOairo.  A.  and  B,  ^)tay  daaya>i 
^yvOerat.    The  remaining  vuav  anofoii  ^ytfaerai. 

15.  211.  Xp.  n.   228    Kayao   for  t>aJ.    Elsewhere  the  author   of  the 

Xp-  n.  has  not  been  so  particular  about  avoiding  a^n- 
deton. 

16.  285.  Xp.  n.  500  rovro  V.  B.  D.,  ceteri  tovrav  for  Toiixov. 
IT.    444.  Xp.7/.i;j86,1929«ni5af7tff*-for*Q3i7rfas. 

18.  448.  Xp.  n.  2072  dvejeccr  for  dvi/Hay. 

19.  449.  Xp.  n.  1G54  0'  for  6'.    Bat  V,  reads  3'.    Herwerden  emended 

to  y'.     Also  artjp ior  Avijp. 

20.  472.  Xff.  77.  1549  fiporoH  tor  /IffortSy. 

21.  CC7  =  71G.  .Yp.  /Z.  221.S  3'  for  re  (6CT)  or  t>  (716). 

22.  G71.  Xp.  n.  2223  ro  r  oliiO^worfor  xai  rouivOuwov. 

23-2t    672.    Z^p.  11.2233  ««Kr<k)*- for  acciTOJs  and  also  «i'i;(ou  for  iS 

25.  7ia  Jf/i.  J7.  2218  ciaopiav  for  eieiSiiv. 

26.  955.  jyp.  77. 1506  upvilm  ffv  for  Ttpvitr^  Si. 

27.  1029.  X|0.  il.  649  ri  /ti/yvcn  for  n  iiijyutii. 

28.  1083.  Xp.  7T.  2259  itfn^pf^e  for  f(Jri?/ji;£.    In  the  X>.  71.  the  verbs  of 

the  lines  immediately  preceeding  and  following  ore  in  the 
aorist.  That  may  account  for  the  change  in  this  line.  In 
Euripides  the  verb  in  1082  is  Imperfect,  in  1084  aorist. 

29.  1087.  Xp.  77.  673  xdpa%  for  «(ipas. 

30.  1091.    Xp.  77.  2015  bptirinaeiv  for  Spo^-^aOi.    This  may  be  due  to 

the  fact  that  Spdjt»6i  already  stands  in  the  line  in  the 
Xp.  77. 
31-32.  nil.  Xp.JI.  1430  G«tfrfo>- for  Oft'tftfosf.  For  thense  of  the  adverb 
for  the  adjective  in  snch  expressions  of.  examples  7  and  8 
snpra.  Also  xo:Mo:tp"P^i  for  ;:a';*u:ijrfn?s.  MSS.  A.  and  B. 
of  the  Xp.  n.  read  ja/'al  pivvi- 

33.  1120.  Xp.  n.  2564  otHTetpov  for  oiHteipe  S\ 

34.  1121.  Xp.  77.  2365  duTtkaHiai6iv  toT  dfiapriaiiSir. 

35.  1147.  Xp.  77.  1300  tii  HaiXivtxoi,  7  jtieos  fintn  Itiya.    A,  and  B. 

have  ii,  with  h  written  above  it  in  B.  */  V.  C.  M.  oxov  ti, 
where  uirov  is  plainly  agloBsnpon  17.  P.of  theBacchsereads: 
xalAiViKO*"  g  Sdtpva  vinr/ipoptl,  which  Kirchofl,  Paley  and 
Nauck  retfun.  Beiske,  followed  by  Hermann  and  Bruhn, 
reads  a,  while  Heath  emends  to  F/,  the  reading  adopted  by 
Sohcene  and  Wecklein.  Emendations  of  vi)er/g>opfl,  which 
is  a  d«ai  Xty.,  have  been  suggested  by  Portos,  vixri  ipoptl, 
and  Hartung,  vbof  pipei,  the  latter  two  adducing  the 
line  in  the  Xp.  77.  as  partial  evidence.    In  any  case  th« 


anthorot  the  X/j'  TI.  has  changed  to  all  appearances  hi 
Euripides, 
Xp.  a.  Ui5  ydp  for  Si. 

Xp,  n.  1052  a7>iaeitoT  a 

Xp.  n.  1263  i'fipaire  «i?«ra's  xkffictHns  trpo5  iufSiiSui  to 
wAfxraiv  Xpdi  oinovj  tXiudHosv  Ttpodit/'/i'iO'i'..  The  cor 
rectlon  of  nXtxriSv  to  ittfHrrSr  has  been  spoken  of  oi 
page  309.  In  this  line  spos  t/iffaOas  ia  plainly  a  corruptioi 
of  itpo6aitfia5iii,  which  word  the  oathor  of  the  Xp.  n.  ap 
ptirontly  did  not  underataod.  But  the  singular  nXifiajto 
ia  either  a  rariant  reading  or  a  deliberate  change.  Thi 
singular  nkf/iaNO;  with  apoGix/ifiiieiii  is  found  in  Aesch 
Sept.  iC6  and  Eur.  Phoen.  1173.  More  inatructive  ia  Phoen 
499,  where  itr/nTmr  xXuidxtny  upoGauiSii^cii  ia  read,  thi 
being  plainly  Imitations,  the  one  of  the  other 
This  seems  a  strong  argument  aguust  Doenng's  augges 
tion  that  "  icr/xrdi  passt  besaer  zu  den  Stufeu  oder  Spros 
sen,  ala  zu  der  Leiter." 

Xp.  n.  14B5  tpipiaiiet 

Xp.  n.  22U2  (tOat  fioXay  for  ida  flificii. 

Xp.  n,  163  ^iw  for  ^foc. 

Xp.  JI.  167  KvSpovfiiyoi  for  fa\ 

Xp.  n.  1W3  aftcyiboi  for  (JitevSos.  Here  weVSos  is  restorec 
by  all  the  editors  of  the  Xp.  17,  It  is  doubly  strange  thai 
this  corruption  should  have  crept  in.  as  it  introduces  e 
resolved  foot,  which, as  we  shall  later  aee,  the  author  of  tht 
Xp.  77.  plainly  avoided.  It  seems  probable  that  fiiye^oi 
bis  Euripidean  MS. 

Xp.  H.  1049  t\tipya6iiiyot  for  ticipyiOuiv^r.  P.  read.si  here 
^?fi/jj'<tflWiV(J>.  Probably  the  author  of  the  Xp.  II.  did 
not  nndei'utaud  the  coustnictiou. 

Xp.  TL.  1634  'javuiy  i/iai  8'  for  yap  ovt/z'  dr. 

Xp.  TI.  1635  dely'  for  'itt<}iy\ 

Xp.  n.  2563  opydv  for  opydi. 

Xp.  n.  1702  xnVtJ  for  ty(o  'i'. 


To  this  list  should  be  added  the  oases  in  which,  to  avoid  a  resolved 
foot,  a  change  has  beeu  made  by  the  author  of  the  Xp.  n.,  which  num. 
ber  22,  and  are  catalogued  on  pp.  37G  sq. 

In  the  following  instances  neither  our  M8S.  nor  the  Xp.  U.  has  pre- 
served the  correct  reading. 

1.  lo  =  X^.  U.  1589.  Svffxei/iuv,  corrected  by  Elmsley  to  Sv6x!)ioy 
This  ia  e.^plaiued  by  itacism. 

Z    2fi3  =  Xp.  a.  191.    P.  and  0.  eviSefSeiai,  which  Eeiake  oorrected 
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to  dv€ae/3eiai,  a  reading  adopted  by  all.     The  Xp.   H 
reads  datfitica,  vhioh  gives  the  right  sense  but  is  aamet- 
ricaL 
a    669  =1  Xp.  n.  2220.     TaxaUv,  corrected  by  Brunck  to  rd  xemtv, 
dne  to  the  Incorrect  division  into  words. 

4.  81i  =  Xp.  n.  1287.    P.  ivxpejtii  corrected  by  Canter  to  tCrpcxii. 

The  Xp.  n.  liHH  nayiviTptais. 

5.  851=  Xp.  n.  2311.    iiipXeiy,  connected  to  opXclv  (or  Euripides. 

Of.  Li.  and  S.  sub  voce. 

6.  955  ^  Xp.  n.  1506.    P,  Hpvpr/yai.    Xp-  II.  xpvffijvax.     Masurus 

corrected  to  ipviffiiivai  for  metrical  reasons. 

7.  1099  =  Xp.  n.  069  aXXot,  corrected  by  Brodaeus  to  SkXat. 

8.  1152  =  Xp.  n.  1U7  xP'ii"'-    But  Orion,  Anth.  IV.  55,  reads  xTtjua, 

which  all  editors  adopt. 

9.  1162  --=  Xp.  n.  1051.    P.  yuvoy.    Xp.  H.  'ipifyov.    Canter  changed 

io  yaov.    It  is  possible  that  the  X/3.  U.  may  be  right  here. 

10.  1355  =  A>.  J7.  1G70.  ¥.  tn  Si  pot  to  Si6fpaTov.  Xp.  H.  iSri  yap 
TO  OeatpaTov.  It  seems  likely  that  the  author  of  the 
Xp,  H.  found  in  oar  Euripideon  MS.  what  our  MS.  now 
contains,  but  changed  to  obtain  a  verb  and  to  avoid  the 
tribrach.  Haupt  so^ested  /iovGrl,  whiohaUttae  editors 
have  adopted. 

IL    1368=Xp.  n.  170G.    varpt^a,  obaoged  by  Elmsley  to  xarpia  metri 

It  remains  now  to  sum  up  our  discussion  of  the  value  of  the  citations 
from  Euripides  found  iu  the  Xp.  11.  If  we  have  correctly  classiflod  the 
citations  the  conclusion  is  ovideut.  In  14  instauces  the  Xp-  11.  hsis  fur- 
nished us  the  meaus  of  correcting  our  MSS.,  of  which  three  instances 
only  are  from  that  portion  of  the  play  contaiued  in  the  two  MSS.  The 
Xp.  n.  has  not  preserved  the  exact  form  of  the  word  in  all  cas&s,  nor  hare 
all,  or  even  the  best  MSS.  of  tho  Xp.  H.  preserved  the  correct  readin;^  iii 
every  case,  TJio  benefit  of  the  doubt  has  been  given  the  Xp.  II-,  so  tliat 
ciLses  13  and  14  have  here  been  included,  and  case  11,  although  tostifled 
to  by  only  one  MS.,  and  that  not  the  best  one.  In  our  second  list  aro  to  bo 
found  0  CH.ses  iu  which  the  excellence  of  the  readings  of  the  Xp.  U.  is  by 
no  means  ao  clear  OS  to  rocommond  their  adoption  to  all  the  Cilitors  of 
tho  liacfhac.  Iu  four  cases  the  Xp-  II.  stands  in  agreement  with  one  MS. 
and  not  tho  other,  in  two  of  which  there  may  be  serious  doubt,  if  the 
reading  of  tho  Xp.  H.  is  preferable.  However,  to  be  perfectly  fair  and 
just  to  tho  Xp.  n.,  these  ca,sos  may  bo  all  enumerated  in  its  favor,  ami  tli j 
sum  total  is ".ii,  over  against  which  should  be  placed  the  48  +  2J=Ttl  caso.j 
iu  which  tho  author  of  tho  Xp.  /I.  hai  without  any  doubt  and  fornofjou.! 
reason  changed  the  reacling  of  the  Euripidean  text,  or  f^viii  I  a  v^t^ 
corrupt  form  of  tho  Euripidoan  text  in  his  MS.    In  the  followi:ig  it  will 
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fee  ibown  thKt  th»  writav  of  the  2^.  IT.  ma  ^ipmotlr  ezoMdlnglr  CUUi- 
ftd  to  his  BoripldMui  text,  and  ohangad  U,  In  all  |»ob»blU^,  only  to 

«vold  having  morathan  twelve  ayllables  in  hie  One,  and  that  In  oonsa- 
qaenoe  his  tozt  of  the  Baodig  «aa  of  a  moat  oormpt  natnre.  If  this 
le  substanUotad  then  U  ia  dlfflonlt  to  place  any  relisnoe  apon  the  evl- 
denoe  of  the  Xp.  H.,  so  far  as  the  tazt  of  the  Ra<whfp  is  oonoemed.  I^ 
tlien,  thiabe  thetmthintheoaMof  theBaoohsB,  wheratheEorlpidean 
HSSl  an  so  poor,  the  teaUmony  of  the  Xfi.  n.  for  plBj«  oontained  in 
batter  MS8.  will  be  prored  to  be  almost  nnwoithy  of  oonirideratton. 

Tliat  tiie  anthor  of  the  Xp- 11.  followed  his  text  of  Euripides  lUthftUlr, 
evan  slaTlshljr,  is  evident  from  the  following  oonsideratioiu: 

L    The  retention  of  the  Dorlo  forau  of  choral  paBsagea.    Booh  are 
fltorar  of  lUO  ^  B.  73  and  ipvxtir  of  lUI  =  B.  75.    In  only  one  Instnnee  " 
Is  thia  neglected.    In  1801  r^  is  written,  where  Bacctue  389  showa  ras , 
wfaldh  change  la  eadlr  ei^lalsad  as  due  to  the  effect  of  the  added  word 

2.  line  1068  is  very  InstraotlTe  ae  to  the  fidelity  of  the  aathor  of  the 
Xp.  Z7.  to  hia  Ejorlpides  and  also  of  the  liberty  he  allowed  himself  with 
the  text.  Baooh.  993  =  1013  reads,  iVtu  Bixa  qxtvcpoi,  irai  iirpifgtopo$, 
a  trimeter  although  iu  a  choral  passage.  This  coutaiued  a  '■esolved  foot, 
which  was  lui  offenHe  to  the  writer  of  tlio  XtJ.  77.  His  vorsinn  is,  there- 
fore, ira  Si'h',  i'ra  fljuvf/irJi  iirfii/rp-i/iiii,  where  he  lius  preserveii  the  Dori- 
clsm  Six(r,  but  treatoA  the  filial  vowel  as  short  aud  subject  to  ellRiun, 
He  woiil'l  ci^rt^ainly  uover  have  attempted  tu  elide  lui  -'/,  had  ho  found 
that  in  his  MS.  of  the  Uaccba),  so  that  we  may  reKurd  the  Doric  form 
preserved  in  tblH  instance  also. 

3.  In  IIJO  =  B.  ISO,  ulthouKh  the  author  of  the  X/j.  77.  has  ailded  to 
the  sentence  the  three  last  words  of  1110,  while  Euripides  conneoted 
their  equivalent  with  tlie  precedinK  lino  and  beffiiu  a  new  sentence  with 
thifl  one,  the  Xp.  77.  shows  the  S'  retained  from  Euripides,  althoiigh  now 
the  fifth  word  in  its  sentence. 

In  ir)!U  codex  V.  has  preserved  fx^vSix  (nom.).  thouRh  the  construction 
demands  the  accusative,  and  the  other  MSS.  have  the  accusative,  (xovOa 
being  the  form  found  in  the  Bacchte  10.  Perhaps  this  is  to  be  re«urded 
rather  as  an  error  of  V.  than  as  the  retention  of  the  Euripidean  reading, 
although  in  several  instances  V.  has  preserved  the  better  readings,  Ct. 
Bramba'  prsofatio  to  his  edition,  p.  5. 

4.  The  preservation  of  resolved  feet.  It  has  already  been  pointed  out 
in  several  instances  that  the  author  of  the  Xo.  77.  has  taken  the  liberty  of 
changing  the  Euripidean  te.xt  to  avoid  a  resolved  foot.  It  remains  to  be 
shown  how  far  this  influence  has  been  at  work  In  the  Xp.  FI.  Before  giv- 
ing the  complete  list  of  cases,  a  few  deserve  special  mention,  as  being 
very  instructive  of  the  method  taken  by  this  writer.  The  simplest  way 
to  avoid  a  resolved  foot  was  to  omit  a  word  from  the  line.  This  has  taken 
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place  In  168  =  B.  1242  where  yap  has  been  dropped  to  obttun  a  twelve 
syllabled  verse;  xaXei  ipiXovi  eli  Salroc  liaxcipiiK  eitot  uirKct'fnot  yda 
ei*  In  which  the  first  a  and  the  i  of /lava'joios  receive  the  accent,  alt hou(;h 
short  in  quantity.  Again  15S9  ^  B.  15.  Here  re  has  been  dropped, 
thus  BdxTfita  [rr]  zHxr]  r^r  re  Svix'tft"*'  xfova,  where  i  of  Bactrpia 
receives  the  accent. 

A  second  way  to  avoid  the  tribrach  was  to  oombiae  with  the  ominsinn 
or  elision  of  a  syllable  transpoaitlon.  Thus  20O7  =  B.  W2.  n7S^  nieo- 
^a\ov6ai  Tdv  vxvor  o/ipdroay  from  at  $'  ditoSaXovSat  OtrAeo'l*- 
oi'ttdzaty  vifyov.  Here  are  three  violations  of  the  rales  for  quantity,  in 
the  two<^aof  aitopakoviaif^A  the  u  of  vkvov.  In  1099  the  remarkable 
elision  of  Doric  a  has  been  noted  on  p.  376.  In  1592  —  B.  IT,  the  Xp.  /J. 
reads  icaHav  r'  Mtfi'tcr  «rA.  for  'Aiiav  re  na6ay  wrA. 

Then  again  a  change  of  words  could  be  made.  Thus  2223  z=  B.  CTl 
rd  r' t'liviiv/ior  H<rl  td Xiav  ^puevov for  xai  roviv'ivuov  xai  to  fiaSiXtHoy 
Xiav,  where  i  of  Xiav  la  lengthened.  And  1566  =  B.  49.  aJ  5i«6tl5 
rdf'jSyS'i  iiya:6rij6eii  xpdroi  for  ravQiv/it  Betievoi  ev,  /xtraet^ia 
■xoSix.  An  interesting  example  is  1064  =  B,  1260  tl  6'  eaai  rekovj  for 
si  Si  Sid  reXovs. 

These  cases  will  suffice  for  illustration.  The  remainder  are:  569  ^  B. 
285;  1310  =  8.  1280;  1536  and  15»3=:B.  54;  15G4  =  B.  22;  1570  =  B.  45; 
1583=:B.  8;  1590=B.  16;  1B93  =  B.  18;  1G03=B.  56;  1683  =  B,  laii; 
1754  =  B.  latg;  2076  =  B.447;  2519  =  B.  60;  2560  =  B.  1345.  In  most  of 
these  ca.ses  short  vowels  have  been  lengthened  to  receive  the  accent' 
Adaptation  of  lines  written  in  other  metres  are  full  of  the  same  sorii  of 
errors.    Cf.  653  =  B.  lOil;  1052  =  B.1163;  1706  =  B.  1368. ' 

Further  when  the  author  of  the  Xp.  n.  found  it  necessary  for  his 
theme  to  change  the  Euripidian  text,  he  avoided  the  use  of  a  resolved 
foot,  where  the  Euripideou  equivalent  has  anch.  The  following  are 
the  instances;  1C0=B.1243;  6BG  =  B,1095;  668=B.1097;  1152=B.181; 
1153  =  B.  laS;  1156  =  B.186;  1161  =  8.194;  1525  =  8.963;  1K2  =  B.31; 
1553=8.29;  1C02  =  B.  55;  1G68  =  B.  492;  1760  =  8.  L332;  1790  =:B.  362; 
1811  =  B.  733;  1835  =  8.  684;  2074  =  B.  4i6;  2280  =  B.  790;  2520  =  8.  61. 
In  many  of  these  caaes  a  short  k  is  lengthened  under  the  influence  of 
the  accent. 

But  to  return  to  our  point.  In  four  instances  the  author  of  the  Xp.  11. 
has  retained  unwittingly,  it  would  aeem,  a  resolved  toot,  indicating  how 
cArefntty  he  followed  his  Euripidean  MS.  When  off  hia  guard  he  fol. 
lowed  hia  model  and  allowed  a  line  to  him  metrically  objectionable  to 
creep  in  in  its  exact  form.  When  he  has  tried  to  remove  the  source  of 
objection  ho  has  betrayed  himself  by  his  absolute  ignorance  and  disre- 
gard of  the  laws  of  quantity.  The  instances  referred  to  are  aa  follows: 
158.'>  =  8. 10.  Here  the  MSS.  C,  M.,  A.,  B.  read  with  Euripides  niva  Si 
«piiJ(f  [Eur.  KdS>tov'\afiittar  ^\;Rm.  Si\ni8oy  roSt,    Both DObner  and 


Brambs  roje-ot  Si  from  the  text  but  wrongly.    We  have  simply  mugjt 
liim  napping  here  and  have  an  fasight  into  his  method  of  work. 

1570  =  B.  4o  ?  ["Bur.  Cj]  ttounx^'  rrf  «.ir«  dt  Oxoi'S^i'  r'  if  xo  [Eur. 
Krtr'  ^(li  jiai  anorSar  avn.}  Here  dfo/irtje;  was  left  in  C,  M.,  V.  sod 
the  other  resolved  foot  removetl.  It  may  be  that  this  ia  to  be  «>xplauie<l 
by  syaizesis,  as  ia  k.,  B.  it  appears  written  fivfiaxtj. 

2219  =  B.  66S  'Jt'Afii  S"  d«oOOai.  irorffid  Col  n^tfi/h/Kicc.  This  is  the 
reading  of  oil  the  MSS.  except  A.  (jiottp' i^i  vaiia-i  ^nd  V.  {neorfpov 
itn6fi-),  which  are  evidently  attempts  to  remove  the  objeotiooable  foot. 

lOiS  =  B.  1244.  This  has  been  discaased  on  p.  374.  It  seems  most  pro- 
bable that  he  found  in  his  Euripides  >i^y£'ios. 

We  have  then  ahown  how  the  author  of  the  Xf).  77.,  when  off  his  guard, 
(allowed  his  MS.  of  the  Bauchae  so  closely,  that  ha  has  iutrodaced  re- 
solved feet  in  several  iastances,  and  also  that  the  writer  al- 
toweil  himself  the  liberty  to  change  a  line  to  remove  the  objectionable 
tribrach.  The  oonulusion  mn»t  be  drawn,  that  for  Etiripide&n  lines  con- 
taining resolved  feet  the  Xp.  FI.  offers  in  all  bnt  a  very  few  instances 
testimony  of  a  very  insiguificaat  value.  We  have  also  demonstrated  how 
slavisltly  in  several  lustaaoes  he  has  followed  his  model  to  the  saorifloe 
of  grammiitioal  and  orthographioal  accuracy  in  his  own  composition. 
We  feel,  therefore,  jostiSed  in  afflrming,  tiiat,  inasmuch  as  in  48  cases  ha 
baA  preserved  readings  vastly  inferior  to  those  of  oar  ovn  H3S.,  oasos  in 
which  a  change  ia  scarcely  to  be  justiflcd,  the  writer  of  the  Xp.  IT-  mode 
use  of  a  MS,  of  the  Bacohae  tliat  contained  a  very  corrupted  test  of  that 
play.  I  cannot  in  view  of  facta  hero  bi'iiught  together  agree  with  Doering- 
that  the  citations  from  the  Bacchae  in  the  Xp.  il.  have  a  high  valne  for 
the  text  criticism  of  that  play.  Nor  can  I  give  assent  to  his  statement, 
that  the  Enripidean  MS.  used  by  this  writer  should  be  placed  for  its  es- 
cellence  midway  between  the  two  classes  of  the  Euripidean  MSS.  dia- 
tinguLshedby  Kirchhoff,  The  result  of  the  present  investigation  has  been 
to  assign  to  a  class  much  inferior  to  the  existing  MSS.,  whii;h  belont:;  '.o 
Kirchhoffs  second  class,  the  MS,  of  the  Bacchae  that  the  author  ot  the 
X/i.  n.  has  used.  Probably  a  careful  investigation  of  the  subject  through 
the  other  plays  of  Euripides  plundered  by  this  ignorant  writer  would  re- 
veal the  same  state  of  affairs  there  also. 
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LIST  OF  CRUSTACEA  CLADOCERA  FROM   MADISON, 

WISCONSIN. 


By  E.  A.  BIRGE, 

ProfesBor  of  Zoology  ^  University  of  ^Wisconsin. 

In  1878  the  writer  published  Notes  on  Cladocera  in  the  fourth  volume 
of  the  Transactions  of  this  Academy,*  in  which  were  noted  twenty-five 
species  of  Cladocera  found  at  Madison.  Returning  to  the  subject  with 
better  means  of  collecting  and  a  much  larger  command  of  the  literature 
of  the  group,  I  have  been  able  to  enlarge  greatly  the  number  of  species 
and  to  identify  them  more  accurately.  As  the  task  of  reviewing  the 
greatly  scattered  literature,  especially  of  the  Lynceidce,  seems  likely  to 
occupy  some  time,  it  seems  advisable  to  print  a  list  of  the  species 
already  found,  with  notes  on  rare  or  new  forms. 

A  glance  at  the  subjoined  list  of  sixty-four  specie!;  and  varieties 
regarded  by  many  European  writers  as  species,  will  show  how  close  our 
fauna  is  to  that  of  Europe.  Out  of  the  whole  number,  only  nine  are 
peculiar  to  this  country  and  of  these  five  are  varieties  of  species  found 
elsewhere,  or  are  very  close  to  foreign  species.  Three  species  are  deter- 
mined as  new,  Latonopais  occidentalis  from  the  Sididce,  Moina  sp,  nov, 
from  the  Daphniilce^  Alona  lepida  from  the  LynceicUx. 

With  the  exception  of  five  species  and  varieties  {Daphnia  pulex,  D. 
retrocurva,  Alona  tenuicaxidia,  and  the  species  of  Moina\  all  of  the 
species  in  the  list  have  been  found  in  Lake  Wingra.  This  is  a  small  lake 
about  one  and  three-fourths  miles  long  and  half  as  wide,  with  broad 
margins  of  marsh  all  around  it.  In  the  marsh  the  water  is  from  a  few 
inches  to  two  feet  deep  between  the  areas  of  wild  rice  and  reeds,  and  the 
bottom  is  partly  composed  of  vegetable  debris  and  partly  covered  by  a 
dense  growth  of  Cham.  The  lake  itself  hardly  exceeds  fifteen  feet  in 
depth,  and  almost  the  entire  bottom  is  overgrown  with  water  plants 
of  various  kinds.  Among  those  weeds  and  in  the  marshes  Cladocera 
abound.  The  abundance  of  food  and  variety  of  locality  offered  proba- 
bly account  for  the  groat  number  of  species.  In  Lake  Mendota,  a 
much  larger  body  of  water,  six  miles  by  four,  and  having  a  depth 
of  sixty  to  eighty  feet,  I  have  found  only  thirty-eight  species  of  Clado- 

•  Vol.  rv,  1876-7  (printed  1878),  pp.  77-110.    PI.  I,  n. 
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oera.  DoabtlesB  more  oaxefal  and  prolonged  ooUeoting  would  *i<n^loiw 
new  specieB  In  both  bodies  of  water,  but  the  larger  lake  is  oertainlj 
poorer  in  number  of  f  onns,  espeoially  the  littoral  speoiea.  The  pelagio 
forms  are,  of  coarse,  more  abundant  in  the  larger  lake,  and  one  varMf 
has  been  f onnd  in  Lake  Mendota  which  Lake  "Wlngra  does  not  posseaa. 

This  single  locality  has  yielded  a  number  of  species,  oomparincc  not 
unfavorably  with  the  fauna  described  from  En^and,  Denmark  or  BoasiA. 
No  European  country  shows  more  tlian  100  species;  so  that  more  than 
one-half  of  the  probable  fkuna  of  'Wisconsin  has  been  found  here.  That 
so  large  a  fraction  of  the  entire  fauna  should  belong  to  one  locality  will 
not  appear  strange  when  the  similarity  of  the  fkuna  to  that  of  Europe  is 
considered.  If  the  species  of  Cladocera  have  so  wide  a  range  as  appeara 
from  Sar's  observations  on  Australian  Cladocera,  and  from  my  work 
here,  it  is  not  iirobable  that  many  species  are  strictly  locaL  We  atumld 
expect  to  find  any  given  spedes  over  a  large  extent  of  country  in  suita- 
ble localities.  This  expectation  has  been  realized  in  many  oases.  Aa 
conspicuous  instances  I  may  note  the  occurrence  of  Drepanothrix 
dentaia^  Eur6n,  in  Wisconsin,  the  finding  of  Dunhevedia  eetiger,  Bixge^ 
in  Hungary  by  Daday,  and  the  occurrence  of  Iluocrjfptue  langiremiB^ 
Sars,  in  Wisconsin  and  in  Australia.  No  doubt  some  species  are  strictly 
local,  confined  to  a  small  area,  or  the  product  of  life-conditions  existing 
there  and  not  elsewhere.  But  the  chance  that  this  is  true  in  any  given 
case  is  small,  and  all  well  marked  species  should  be  looked  for  in  every 
suitable  locality.  We  should  expect  also  that  a  locality  espeoially  favor- 
able to  the  development  of  the  Cladocera  would  contain  a  very  large 
fraction  of  tho  fauna  of  the  region. 

The  subjoined  list  also  shows  the  value  pf  long  and  careful  collecting 
in  one  locality,  and  the  impossibility  of  justly  estimating  the  Cladocera 
of  a  lake  from  a  single  visit.  The  different  forms  behave  much  like  the 
plants  of  a  locality.  Some  species  are  present  throughout  the  season. 
Some  can  be  found  only  for  a  few  days.  Some  come  in  the  spring  and 
disappear  early,  while  others  belong  to  the  latter  part  of  the  open  season. 
Of  the  nearly  sixty  species  found  in  Lake  Wingra  I  have  never  found 
more  than  thirty  as  the  result  of  a  single  day's  work.  It  is  clear  that  a 
list  of  Cladocera  compiled  from  a  flying  visit  to  a  locality  and  containing 
from  six  to  twenty  species,  has  no  claim  to  represent  the  fauna  of  that 
locality.  Only  careful  collecting  at  intervals  throughout  an  entire  sea- 
son can  give  even  an  approximate  idea  of  the  number  of  species 
present. 

I  may  add  that  a  single  specimen  was  found  in  Lake  Wingra,  belong- 
ing to  the  genus  Anchiatropus,  Sars,  and  apparently  not  to  the  species 
emarginatus,  Sars.  It  was  accidentally  destroyed  before  it  could  be 
carefully  studied. 
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1.  Holopedium  gibber um,  Zad. 

2.  Sida  crystallina,  O.  F.  M. 

3.  Daphnella  brachyura,  Li6v. 

4.  Daphnella  brandtiana,  Fisch/ 

5.  Latona  setifera^  O.  F.  M. 

6.  Latonopsis   occideiitalis^  spec. 

nov. 

7.  Moina  brachiata,  Jur. 

8.  Moina  J  spec.  nov. 

9.  Simocephalus  vetulua,  O.  F.  M. 

10.  Simocephalus  serrulatus,  Koch. 

11.  Ceriodaphnia  megopa,  Sars. 

12.  Ceriodaphnia  reticulata,  Jur. 

13.  Ceriodaphnia  pulchella^  Sars. 

14.  Ceriodaphnia  consors,  Birge. 

15.  Scapholeberis  aurita^  Fisch. 

16.  Scapholeberis  obtusa,  Schdl. 

17.  Scapholeberis    mucronata,    O. 

F.  M. 

18.  Daphnia  puleXj  De  Geer. 

19.  Daphnia  Schoedleri,  Sars. 

20.  Daphnia  minnehaha^  Herrick. 

21.  Daphnia  hyalina,  Leydig. 

22.  Daphnia  kahlbergeTisis^Bchoed' 

ler. 

23.  Daphnia  kahTbergensis^  var  ced- 

erstroemii,  Schdl. 

24.  Daphnia    kahlbergensis,    var. 

retrocurva,  Forbes. 

25.  Lathonura  rectirostris,  O.  F.  M. 

26.  Macrothrix  rosea,  Jur. 

27.  Macrothrix  laticomis,  Jur. 

28.  Drepanothrix  dentata,  Eur6n. 

29.  Ophryoxus  gracilis,  Sars. 

30.  Ilyocryptus  sordidus,  Lieven. 

31.  Ilyocryptus  longiremis,  Sars. 

32.  Bosmina  longirostris,  O.  F.  M. 

33.  Bosmina  longicomis,  Schoed- 

ler. 


34.  Bosmina  comuta,  Jur. 

35.  Bosmina  bohemica,  Hellich.  (?) 

36.  Eurycercus  lamellatus,  O.  F.  M. 

37.  Leydigia  quadrangularis,  Ley- 

dig. 

38.  Alona  quadrangularis,  O.  F.  M. 

39.  Alona  afflnis,  Leydig. 

40.  Alona  lineata,  Fiacher. 

41.  Alo7ia  guttata^  Sars. 

42.  Alona  cottata,  Sars. 

43.  Alona  tenuicaudis,  Sars. 

44.  Alona  lepida,  spec.  nov. 

45.  Oraptoleberis  testudinar,ia, 

Fischer. 

46.  Dunhevedia  {Crepidocercus)  set- 

iger,  Birge. 

47.  Pleuroxus  trigonellus,  O.  F.  M. 

48.  Pleuroxiis  denticulatits,  Birge. 

49.  Pleuroxus  gracilis,  HudendorfP, 

var.  unidens,  Birge. 

50.  Pleuroxus  exiguus,  Lillj. 

51.  Pleuroxus  excisus,  Fischer. 

52.  Pleuroxus  procurvatus,  BvrgQ. 

53.  Chydorus  sphaericus,  O.  F.  M. 

54.  Chydorus  sphaericus,  var.  caela- 

tus,  Schdl. 

55.  Chydorus  sphaericus,  var, pwnc- 

tatus,  Hellich. 

56.  Chydorus  globosus,  Baird. 

57.  Alonopsis  latissim^,  Kurz. 

58.  Alonopsis  media,  Birge. 

59.  Acropeims  leucocephalus,  Koch. 

60.  Camptocercus      macrurus,     O. 

F.  M. 

61.  Camptocercus  rectirostris, 

Schdl. 

62.  Camptocercus  biserratus,QchdL 

63.  Polyphe mus  pedicu  lus,  De  Geer 

64.  Leptodora  hyalina,  Lillj. 
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NOTES  ON  THE  PRECEDING  LIST. 

Species  1.    Holopedium  oibberum,  Zad. 

I  have  found  this  species  only  once  in  Madison.  It  is  quite  abundant 
in  collections  from  northern  Minnesota,  and  Forbes*  notes  its  occurence 
at  Grand  Traverse  Bay,  Lake  Michi^iran. 

Species  2.    Sida  crystallina,  O.  P.  MQUer. 
No  specimens  were  found  belonging  to  the  form  S,  elongata,  DeGeer. 

Species  3  and  4.  Daphnella  brachytra,  Li6v.  and  D.  brandtiaxa  Fisch. 
Of  those  closely  allied  forms  I  have  only  to  say  that  both  are  found 
with  us,  and  show  exactly  the  same  differences  as  described  and  fi^^nred 
by  Sars  in  his  Norges  Ferskvarnlskrehsthjr,  D.  hrachyura  is  usually  found  in 
open  water,  and  D.  hrandtiana  in  marshes.  I  cannot  state  this  as  a  law, 
however,  as  both  forms  are  found  together  sometimes,  in  either  kind  of 
locality. 

Species  5.    Latona  setifera,  O.  F.  MCiller.    Plate  XIII.    Fig.  6. 

Our  specimens  of  Latona  have  one  peculiarity  not  mentioned  by  any 
European  writer.    There  is  a  thick  coat  of  short  hairs  on  the  head,  body 
and  antennae.  These  hairs  are  .02  mm.  or  less  in  length,  are  close  set  and 
give  the  outline  a  velvety  appearance  when  seen  by  transmitted  light. 
P.  E.  MOller  t  says:    "  Hvad  der  er  aldeles  eiendommeligt  for  Latona  og 
neppe  jagttaget  hos  nogen  andeu  Cladoceer,  eret  fint  Lod  af  ganske  korte 
Haar,  der  isaer  Andes  over  Matrix:  det  or  vanskeligt  at  see  og  opdages 
kun  ved  staerkt  Sidelys."    This  exact  account  shows  that  his  specimens 
were  not  villous  Jis  ours  are.   The  hairs  are  conspicuous  in  any  lit^ht  and 
are  very  easily  sc^en.     No  other  European  writer  mentions  a  similar  struc- 
ture.  A  more  extended  study  of  si)eciniens  from  different  localities  will 
show  whether  this  is  a  local  peculiarity  or  is  characteristic  of  a  distinct 
variety.    On  old  females  which  have  not  moulted  recently  the  hairs  are 
worn  off. 

The  male  antenna  differs  somewhat  from  the  account  given  by  Sars. J 

The  appendix  ciliiita  is  much  larger  than  Sars  figures  it,  and  is  situ- 
ated at  the  same  level  as  the  sense-hairs  instead  of  distal  to  them. 
The  size,  number  and  arrangement  of  the  seta»  on  the  edge  of  the  cara- 
pace differ  from  the  details  given  by  Sars,  but  not  in  any  very  important 
respect. 

Latona  seems  to  be  rare  in  Europe,  but  the  apparent  rarity  is,  as  Sars 
says,  probably  due  to  its  mode  of  life  and  the  method  of  collecting.  In 
late  summer  and  early  fall,  one  can  be  certain  of  obtaining  a  good  num- 

*  Forbes,  S.  A.    On  some  Entomostraca  of  Lake  Michigan  and  aajacent  Waters.  "  Am. 
Naturalist,  vol.  xvi.,  p.  Gil.    Aug.,  188-2. 
+  M(iller,'P.  E.'tDanmarks  Qadocera.  pp.  97- OS. 
X  Norges  Ferskvandskrebsdyr,  p.  55,  PI.  Ill,  figs.  17a,  17b. 
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ber  at  various  localities  near  Madison.  It  lives  in  clear  water  among 
weeds,  and  a  dredge  which  can  be  dragged  through  the  weeds  and  not 
merely  above  them  is  needed  in  order  to  secure  it.  With  the  cone- 
dredge  it  is  not  difficuH  to  obtain  20  to  100  specimens.  The  same  may 
be  said  of  such  bottom  forms  as  Ophri/oxiia  and  Drepanothrix, 

Sars  speaks  feelingly  of  the  difficulties  which  beset  one  who  attempts 
to  view  this  powerful  and  obstinate  cladoceran  from  the  side.  If  a  life- 
box  is  used  and  a  trace  of  ^  per  cent,  of  solution  of  osmic  acid  in  water 
is  added  to  the  water  containing  the  animal,  there  will  be  little  trouble 
in  turning  it  on  its  side.  After  the  poison  begins  to  act,  it  is  best  to  at- 
tempt turning  the  animal  by  rotating  the  cover  of  the  life-box.  If  left 
to  die  undisturbed  the  antennas  are  usually  expanded  while  an  irrita- 
tion applied  to  it  while  alive  causes  it  to  fold  the  antennas  along  its 
sides,  when  it  can  readily  be  turned  into  any  position. 

Species  6.    Latonopsis  occidentalis,  sp.  nov.     Plate  Xm.    Figs.  1-5. 

In  1888  G.  O.  Sars*  established  the  genus  and  species  Latonopsis 
attstralis  for  a  new  form  of  the  Sididce  raised  by  him  from  mud  obtained 
from  Australia.  I  have  found  here  a  second  and  closely  allied  si>ecie8  of 
this  new  and  remarkable  genus,  and  have  succeeded  in  finding  males 
which  did  not  developein  Sars'  aquaria. 

Latonopsis^  Sars,  is  closely  ailed  to  Latona^  Sars,  and  may  be  charac- 
terized as  follows: 

'latonopsis,  Sars. 

r  Impression  between  head  and  thorax  slight  or  wanting.  Labrum 
devoid  of  plate-like  expansion.  Antennule  with  a  long,  plumose,  straight 
or  curved  flagellum,  articulated  to  the  basal  part.  Antenna  with  simple 
rami,  the  superior  ramus  bi-articulate,  the  inferior  tri-articulate,  as  in 
Daphnella,  Heart  concave  dorsally,  truncate  anteriorly,  the  aorta  arising 
on  the  ventral  side.  Shell-gland  with  three  long  branches.  Male  (of 
L  occidentalism  Birge,  at  least)  with  simple  cop^^0,tory  organ,  and  hook 
on  first  leg.  Antennule  long,  slightly  curved,  armed  with  fine  teeth  re- 
sembling in  general  the  antennale  of  Sida,  but  having  a  median  projec- 
tion near  the  base.    Color  of  both  species  yellowish-transparent. 

SPECIES. 

a.  Fomices  absent.     Antennule   shorter  than  anterior  margin  of 

head.  L,  australis,  Sars. 

b.  Fomices   present.     Antennule  longer  than  anterior    margin  of 

head.  L.  occidentalism  sp.  nov. 

^  *  Sars,  O.  O.r Additional  notes  on  Australian  Cladocera  raised  from  Dried  Mud.  Chris' 
tianla  1888,  pp.  6-15.    PI.  L    Christiania  Yidenskabs  Selskabs  Forhandlinger  1888.    No.  7. 
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DSSOBIFTION  OF  FEICALE. 


Lengfth  up  to  1.8  mm.  bat  tunully  smaller. 

Measurements  of  average  specimens. 

9 

6 

e 

mm. 

mm. 

mm. 

Length          .... 

Lao 

.82 

.61 

Height     .... 

.80 

.40 

.27 

Antennnle    .... 

.42 

ja^ 

.28 

Abdominal  setn 

JBO 

.41 

.31 

liongest  ^[xine  on  oaxiHpaoe 

1.05 

— 

.50 

The  head  is  in  some  oases  marked  off  from  thebody  byasli^^t  depres- 
sion, not  seen  in  young  apedmens,  and  often  absent  in  older  individiinla. 
The  anterior  outline  of  the  head  as  seen  from  the  side  forms  a  strai^t 
or  slii^tly  conyez  line  from  the  attachment  of  theantennulesto  the  eyo, 
where  it  passes  by  an  abrupt  curve  into  the  dorsal  margin,    l^iis  mar- 
gin is  frequently  continuous  to  the  hinder  end  of  the  valves,  and  is 
nearly  strai^^t  in  young  specimens  but  strongly  convex  in  old  f  emaleo. 
Ventrally  the  anterior  margin  of  the  head  terminates  in  a  small  pro- 
jection to  vMidh,  the  antennules  are  attached.    The  ventral  margin  is 
continued  into  the  labrum,  and  is  entirely  devoid  of  the  leaf -like  expim- 
slon  dharaoteristic  of  Latona^  Bars'  organum  afflxionie.   Above  the  inaer- 
tion  of  the  antenn»  the  valves  are  continued  into  small  bilobed  fomioeSi 
resembling  those  of  Latona  but  much  smaller,  and  not  continued  to  the 
insertion  of  the  antennules  as  are  those  of  Latona,    The  head  as  seen 
from  above  is  somewhat  pyramidal  in  form. 

The  carapace  does  not  differ  greatly  from  that  of  the  Sididce  in  gen- 
eral. It  leaves  the  oral  structures  uncovered  in  front;  it  is  straight  or 
convex  dorsally  according  to  the  age  of  the  animal;  the  ventral  margin 
is  evenly  rounded  and  passes  into  the  nearly  straight  posterior  margin 
by  a  curve  wliich  forms  no  marked  projection.  The  upper  posteal  angle 
is  well  marked.  The  edge  of  the  carapace  is  fringed  with  long  plumose 
setaB,  each  set  on  a  small  elevation.  At  the  lower  posteal  angle  are  placed 
three  setaB,  much  longer  than  the  others.  They  are  often  longer  than 
the  carapace,  and  diverge  from  each  other  as  they  leave  the  shell,  one 
passing  nearly  straight  backward  and  the  others  more  outward.  These 
setaB  are  longer  in  our  species  than  in  L.  australis  as  figured  by  Sars. 
The  valves  are  not  marked  except  by  the  braces  (Stutzbalken). 

Along  the  inside  of  the  hinder  edge  of  the  shell,  from  the  insertion  of 
the  long  setaB  to  the  junction  of  the  valves,  runs  a  row  of  fine  spines 
like  those  of  Latona, 

APPENDAGES. 

The  antennnle  consists  of  the  basal  part,  the  sense-hairs  and  the  flagel- 
lum.    The  first  is  short,  oblong,  freely  movable.    The  sense-hairs  num- 
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ber  about  eight  and  are  placed  on  the  posterior  side  of  the  distal  end  of 
the  base.  The  flagellum  is  attached  to  the  base  with  a  distinct  suture, 
Sara  calls  it  "  distinctly  articulated ''  in  L.  australis.  Whether  he  means 
that  there  is  a  movable  joint  ho  does  not  make  clear.  In  L.  occidentalis 
there  is  simply  a  distinct  suture.  The  flagellum  is  long,  curved  back- 
ward, tapera  to  a  fine  point,  and  is  fringed  with  long  straggling  sense- 
hairs.  Tffese  are  far  less  numerous  than  in  Latona.  Most  of  them  are 
on  the  anterior  side  of  the  antennale  but  at  the  tip  they  are  attached  to 
all  sides.  In  this  arrangement  of  the  hairs  the  structure  differa  from  the 
antennule  of  L.  auatraUs  as  figured  by  Sara.  The  sense-haira  are  also 
longer  than  he  shows  them  and  the  whole  antennule  is  about  twice  as 
long,  relatively,  as  that  of  L,  aitstralis. 

The  antenna  closely  resembles  that  of  L,  aitstralis.    The  basal  joint  ia 
exceedingly  stout,  so  that  the  branches  look  too  small  for  it.  The  dorsal 


sames   is   bi-,  the    ventral  tri^rticulate.     The   setaB  are 


4  (5^  — 
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and  the  spines  ^ ^ — ^    The  basal  joint  beara  the  usual  dorsal  sense 

organ  at  the  base,  and  at  the  distal  end  are  a  spine  anteriorly  and  d 
plumose  sense-hair  behind.  The  proximal  joint  of  the  dorsal  ramus 
beara  four  well  developed  setaB,  and  sometimes  a  fifth,  proximal,  seta 
which  is  much  smaller  than  the  othera.  Its  presence  or  absence  seems 
to  depend  on  no  law,  as  it  is  either  present  or  absent  in  specimens  of  all 
ages  and  both  sexes  and  may  be  present  on  one  side  and  absent  on  the 
other  side  of  the  same  individual.  All  setae  are  two  jointed  and  densely 
plumose. 

The  proportionate  length  of  individual  setaB  differa  in  my  specimens 
from  L,  austraTis  as  figured  by  Sara.  The  terminal  setaa  of  the  dorsal 
ramus  are  little  longer  than  the  othera  in  L,  occidentalis.  The  seta  of  the 
second  joint  of  the  ventral  ramus  is  as  long  as  the  largest  on  the  distal 
joint  and  each  is  quite  twice  as  long  as  any  other  seta  on  the  branch. 

The  post-abdomen  closely  resembles  that  of  L,  aiistralis.  It  is  short, 
fleshy,  obtusely  conical,  and  armed  with  nine  very  small  super-anal  den- 
ticles. The  abdominal  setas  are  two-jointed,  plumose,  each  set  on  a 
fleshy  projection.  They  are  a  little  longer  than  those  of  L.  aitstralis. 
The  terminal  claws  are  strongly  curved,  and  have  two  secondary  teeth,  of 
which  the  distal  is  the  longer. 

The  mouth  parts  and  legs  seem  to  resemble  closely  those  of  the  other 
Sididce,  No  careful  study  of  the  legs,  has,  however,  been  made.  They 
number  six  paira,  as  in  other  Sididce, 

INTEBNAL  ORGANS. 

In  the  structure  of  the  internal  organs  L.  occidentalis  agrees  closely 
with  L,  aiistraliSj  and  I  can  add  little  to  Sara'  account.    The  general  ar- 
rangement of  the  organs  of  the  head  may  been  seen  in  the  flgores. 
25— A.  &  L. 


The  heart  as  saea  from  the  side,  (thows  a  tube  uonrex  below  and  ood- 
oave  above.  It  is  truucated  auteriorly,  and  the  aorta  issties  from  its 
Teatnd  side.  From  abovH  the  heart  closely  resembles  that  of  Lnloaa, 
hBTios  the  form  of  a  broad  sac,  roouded  behiod,  aud  widest  through  t^ 
venous  ostia. 

The  tthell-glaud  has  a  form  in  thit)  genus,  which  la  unique  among  the 
Cladocera.  It  oonststs  of  three  branches,  of  which  the  ahort^t  is  dor- 
sal and  extends  toiv&rd  the  heart,  the  next  in  leo^h  is  ventral,  while  ttie 
longest  exteuds  posteriorly  and  may  reach  through  two-thiri:is  of  tha 
length  of  the  valve.  This  last  loop  is  found  only  in  Latonoiutis.  The 
whole  gland  consists  of  a  tubedouliled  on  itself,  whose  course  can  easily 
oe  traced.  Beginniug  near  the  mandible  in  a  bladder-like  expansion  the 
tube  pasaes  into  the  valve  and  extends  veutrally;  ib  returug  on  itself  to 
the  middle  point,  then  passes  backward  in  a  long  loop,  returns  a^aiu  to 
extend  up  towanl  the  heart  and  come  back  to  the  middle.  Then  cornea 
a  second  posterior  loop,  lying  parallel  to  and  within  the  first,  and  on  its 
return  the  tube  passes  to  its  outlet  near  the  mandible.  Thua  there  at« 
two  passages  in  the  dorsal  and  ventral  loops  and  four  in  the  posterior, 
not  three  as  stated  by  Sars  (op.  cit.  p.  9.).  Sars'  figure  (PL  I,  Fig  1.)  shows 
the  organ  quite  correctly. 


DESCRIPTION   OF    HALE, 

Th..-  inidc  rf>-,-nil.U -H  in  c.3ii...riLl  tin-  y.nmL,'  femnle. 

The  antennulea  are  long  and  stout,  being  oft«Q  nearly  hsU  as  lone 
imi'""-!.  They  taper  toward  the  apex,  are  curved,  but  not  genicnlate.  They 
are  provided  with  a  long  row  of  veryflne  teeth  extending  fromapoiatne^ 
the  sense-hairs  to  the  apex.  They  thus  resemble  in  general  the  antennule 
of  the  male  Sida  and  Daphnella  and  differ  widely  from  the  male  Latona. 
Near  the  base  of  the  antennule  on  the  inner  side  is  a  stout  projection, 
rounded  at  the  apex  and  covered  with  very  Sne  hairs.  This  projection 
is  probably  equivalent  to  the  "appendix  ciliata"  of  the  male  Latona.* 
In  LaUma,  Sars  shows  the  appendix  ciliata  some  way  distal  from  the 
olfactory  hairs,  while  in  Latonoplii.  it  is  some  way  proximad  to  these- 
Uy  >tpecimens  of  Latona,  however,  show  the  appendix  close  the  to  aeose- 
hairs;  so  that  the  difference  of  position  does  not  interfere  with  homol- 
ogy. The  cilia  on  the  appendix  of  Latonopsis  are  very  fine  and  easily 
overlooked;  they  are  far  less  conspicuous  than  in  Latona. 

The  Gopulatory  orgfins  resemble  those  of  Latona.  They  are  a  pair  of 
long,  curved,  flexible  appendages,  perforated  by  the  vasa  deferentia. 
They  arise  at  the  base  of  the  post-abdomen  and  are  long  enough  to  reach 
beyond  the  terminal  claws. 

The  first  leg  shows  a  very  distinct  and  strong  hook.  In  this  structure 
Latonopsit  differs  from  the  other  Sididix  and  especially  from  Latona. 

*&an,ia.O.   Norgai  FerskTUidtkrebldjT.  ;  Cladocara  Ctenopoda,  p.  U.    PL  m,  Tig.  17, 
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Sida^  Limnosifla  and  Daphnella  have  short,  fleshy  knobs  rather  than 
hooks,  and  Latona  is  devoid  of  any  special  structure.  Holopedium  has 
a  hook  similar  to  that  of  Latonopsis  but  much  longer,  as  is  natural  in 
that  genus. 

The  new  hatched  male  has  the  copulatory  organ  in  the  form  of  a  pair 
of  small  buds,  which  do  not  reach  the  adult  form  until  after  four  or  five 
moultings.  The  antennule  of  the  young  male  diflfers  widely  from  the 
adult  form.  It  is  short,  lacks  the  appendix  ciliata,  and  shows  a  distinct 
suture  between  base  and  flagellum.  The  latter  is  covered  with  long  stragg- 
ling hairs.  The  whole  structure  closely  resembles  the  female  anten- 
nule. It  is  clear  that  the  extension  of  the  male  antennule  beyond  the 
sense-hairs  in  the  homologue  of  the  flagellum  of  the  female. 


RELATIONS  OF  THE  OEXUS. 

Sars  was  entirely  justified  in  separating  Latonopsis  from  Latona.  While 
the  structure  of  the  two  genera  is  quite  similar  in  the  female,  the  male 
differs  widely  from  that  of  Latona.  The  antenna  is  more  like  that  of 
Daphnella  than  that  of  any  other  genus,  especially  in  the  rami,  while  the 
great  development  of  the  base  is  like  that  of  Latona,  The  antennule  is 
peculiar  and  shows  an  intermediate  stage  between  that  of  Latona  and 
Daphnella,  though  nearer  the  former.  In  the  male,  however,  the  anten- 
nule is  more  like  that  of  Sid  a  than  that  of  Latona.  In  the  form  of  the 
body,  the  outline  of  the  head,  in  the  fornices,  the  position  of  the  eye, 
eye-muscles  and  optic  ganglion;  in  the  heart;  in  the  shape  of  the  cara- 
pace, and  the  development  of  the  setae  of  the  carapace,  it  approaches 
Latona.  It  lacks  entirely  the  peculiar  development  of  the  antenna  seen 
in  Latona  and  Jthe  plate  on  the  lower  side  of  the  head;  while  Latona 
lacks  the  development  of  the  shell-gland,  which  Latonopsis  shows.  In 
most  of  the  points  of  resemblance  and  difference  between  the  two 
genera,  Latonopsis  is  nearer  the  ordinary  form  of  the  Sididfe,  and  it 
may  be  considered  as  connecting  Latona  with  the  other  Sididce,  but 
with  many  cross-relations  to  other  genera. 


RELATIONS  OF  THE  TWO  SPECIES. 

L.  occidentalis  is  very  close  to  L.  anstralis.  Indeed,  I  am  not  sure  but 
that  they  are  really  the  same  species.  There  are  many  points  of  minor 
difference,  but  the  most  tangible  is  the  antennule,  which  is  about  twice 
as  long  in  the  American  form.  It  must  not  be  forgotten,  however,  that 
Sars'  specimens  were  hatched  from  mud,  and  it  may  bo  possible  that 
specimens  collected  in  their  native  waters  will  agree  more  closely  with 
the  American  species.  If  the  difference  is  constant,  L.  anstralis  is  nearer 
the  ordiuaiy  type  of  the  Sididoi  in  the  structure  of  the  antennule. 
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BIOIiX»I0AL  BBlfABOT. 

LatonoptU  ocMientdlU  waa  fdond  in  Lake  'Wlngra,  a  small  lake  abonfe 
one  and  three-foaiths  miles  long  with  a  ttroad  nuugin  of  marafa.  It 
lives  dhiefiy  in  the  maishy  region  although  I  have  found  it  in  deeper 
irater— one  to  thtee  meters.  It  hi  most  abondant  in  openings  mn^nn^ 
the  reeds  of  the  marsh,  where  there  is  a  fk>ot  or  so  of  water  filled  ivfth 
a]g8»  and  vegetable  dfibris.  In  one  sooh  spot  it  was  espeolaUy  abundant 
dozing  the  sommer  of  180L  A  single  haul  of  the  dredge  woolid  glv» 
from  six  to  thirty  individuals.  I  have  dredged  it  with  Laiona  in  tike 
open  water,  while  I  have  never  found  Latona  in  the  marsh.  8an'  epeoi* 
mens  oame  from  a  cHai^ey  mud.  I  have  never  found  this  bpbcAbb  in 
muddy  water. 

In  the  aquarium  it  behaves  quite  like  LaUma,  It  often  remaina  soa- 
pended  and  motionleeB  in  the  water,  and  can  often  be  turned  over  with 
the  dropping  tube  without  disturbing  it.  When,  however,  it  decsides  to 
move  it  starts  very  {Riddenly.  Its  movements  are  lees  vigoroas  than 
those  of  Laiona^  as  would  be  inferred  from  the  difTerent  atmotare  of 
theantennsB. 

I  have  never  seen  more  than  eight  young  in  the  brood  oavt^.  There- 
are  two  sexual  eggs,  for  whose  reception  a  special  cavity  is  nnoloeed^ 
altliou^  there  is  no  true  ephippium. 

The  males  appear  in  the  latter, part  of  July  and  the  first  part* of 
August,  and  in  September  no  specimens  of  either  sex  could  be  found,.. 
while  Latona  was  more  plentiful  at  this  time  than  earlier  in  the  season^ 
Constant  observation  at  any  small  lake  will  convince  the  student  that 
the  appearance  of  the  males  does  not  depend  on  temperature  or  any 
other  simple  cause.  Each  species  has  its  own  time  for  sexual  reproduc- 
tion, which  is  related  to  external  influences  in  the  same  complex  way 
as  is  the  flowering  of  plants. 

Species  8.    Moina,  spec.  nov. 

A  species  of  Moina,  apparently  new,  has  been  found,  but  it  is  not  aa 
yet  thoroughly  worked  up  and  will  probably  form  the  subject  of  a  spec- 
ial paper.  It  seems  related  to  M,  brachiata,  Jur.  and  was  at  first  identi- 
fied with  this  species.  Further  study,  however,  showed  that  there  was 
only  one  egg  in  the  ephippium  and  that  the  structure  in  other  particu- 
lars differ  from  M,  brachiata.  The  male  especially  shows  pecoliaritiea 
not  found  in  other  species. 

Species  21.    Daphnia  htalina,  Leydig.    Plate  XUI.    Fig.  9. 

Into  this  species  have  been  united  D.  gaUata^  Sars,  D.  pellucidoj  P» 
E.  Mtlller  and  D.  gracilis,  Hellich.  Two  well  marked  varieties  are  found 
at  Madison.  One  with  pointed  crest  is  found  in  Lake  Wingra,  and  the 
other  whose  crest  is  rounded  is  found  in  the  larger  lakes.    Althongh  the 
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lakes  are  only  a  mile  apart,  I  have  not  fonnd  the  pointed  variety  in 
Mendota  or  the  rounded  in  Wingra.  The  outlines  of  the  head  are  very 
variable,  the  variations  quite  closely  resembling  ttiose  [represented  in 
D.  herolinerms^  apicata,  and  cucuUata,  although  of  course  this  species  has 
the  macula  nigra. 

The  males  appear  in  the  latter  part  of  September.  The  flagellum  of 
the  antennule  is  convex,  stout  and  short,  usually  little  longer  than  the 
sense-hairs.  The  anterior  sense-bristle  in  our  specimens  lies  little  nearer 
the  end  of  the  basal  portion  of  the  antennule  than  the  head.  In  this  our 
specimens  differ  from  Eylmann's  *  description,  who  says  of  it,  that  it  is 
**  von  der  Endborste  nicht  weit  entf emt.'' 

This  species  is  the  most  abundant  in  the  open  waters  of  the  Madison 
lakes.  I  have  also  obtained  it  from  Minnesota  and  Michigan,  showing 
some  variation  from  our  form  in  each  case. 

Species  24.  D.  kahlberoexsis  var.  retrocubva,  Forbes.  Plato  XIII. 
Figs.  7,  8. 

This  form  was  first  described  by  Forbes  *  as  a  distinct  species.  It  is  the 
most  extreme  Daphnid  form  yet  observed.  I  cannot  agree  in  the  state- 
ment of  Forbes  that  the  large  helmeted  forms  predominate  in  the  smal- 
ler lakes  (I.  c.  p.  G43.)  At  Madison  the  forms  of  D.  hyalina  and  of  D. 
retrocurva  in  Lake  Mendota  are  much  more  helmeted  than  those  in  Lake 
Wingra.  The  former  lake  is  about  six  miles  by  four,  the  latter 
1^4  by  p4  mile.  D.  hi/alina  in  the  smaller  lake  is  more  like  D.  apicata, 
while  in  Mendota  the  crest  is  more  developed  than  is  shown  by  any 
European  descriptions.  D,  kahfbergensUt  from  Wingra  shows  the  forms 
typical  of  that  species  and  of  cederstroemii  while  the  full  development 
of  the  crest  only  comes  in  the  larger  lake.  The  males  of  this  species  ap- 
pear late  in  the  fall,  in  the  latter  part  of  October  and  in  November. 
The  head  is  of  the  kahlbergeusis  type,  sometimes  curved  up  but  never 
showing  the  extreme  development  of  the  female.  The  antennule  has  a 
flagellum  a  good  deal  longer  than  the  sense-hairs,  curved  at  the  tip  and 
distinctly  articulated  to  the  basal  part. 

Our  specimens  do  not  show  the  extreme  development  of  the  head  be- 
fore birth  noted  by  Forbes  (I.  c,  p.  G42).  The  head  in  the  young  is  not  as 
much  crested  as  in  the  adult  D.  hf/aJina.  This  species  is  always  found 
in  company  with  D.  hi/nlhia  and  is  far  less  numerous.  On  calm  summer 
nights  the  water  of  Lake  Mendota  swarms  with  these  two  species,  to- 
gether with  a  Cyclops^  a  Diaptomns^  and  Leptodora  hynlina.  They  are 
not  abundant  close  to  shore  and  seem  to  spend  the  day  in  swarms  at  the 

*  Eylmann,  E.  Bcitrag  zur  Systematik  der  Europ&iijchen  Daphniden,  Freiburg  i.  B.  1886, 
p.  33. 

*  Forbes,  S.  A.  Entomostraca  of  Lake  Michigan  and  adjacent  waters.  American  Natur- 
alist.   Vol.  xvi.,  p.  &12,  Augrust,  1882. 
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bottom  where  the  vegetatioa  coosists  mainly  of  diatoms,  outside  of  t 
growth  of  weodH.    The  uombor  of  tht>  Clad(K5ura  is  simply  inoalonlablA,  J 
I  do  not  tiiiuk  tlutt  any  shallow  wiUer  is  murt>  filled  with  crustacean  liA 
than  are  the  opeu  waters  of  oar  lakes.    Dredging  does  not  give  a  ^r1 
idea  of  the  aamlmr  of  open  wuter  individuala.    Only  surface  coUootiaff  J 
at  iilght  will  disclose  thom. 

Species  26.   MioROTHaii  rosea,  Jarine,    Plate  XIII.    PiRs.  13.  14, 

I  have  stioceeded  in  fiodiog  several  apeciiaeiis  of  the  male  of  thte 
species  aud  have  matenally  increased  the  auctiracy  of  my  kno^vledge  of 
its  etmctnre.  I  found  a  single  male  in  ISTT  which  was  dt>scribed  in  the 
Transactions  of  the  Wisconsin  Academy,  Vol.  IV.  p.  90.  Since  tbut  timo 
the  male  has  been  seen  by  Daday,*  who  gives  a  figure  which,  however,, 
is  so  Kmall  and  shows  so  little  detail  that  it  does  not  add  much  to  onr 
knowledge. 

The  male  antennules  are  long  and  carved,  provided  with  a  long  an- 
terior sense-hair  at  the  base.  They  are  curved  toward  the  median  plane 
of  the  body  at  the  tip  and  bear  the  olfuctory  hairs  on  a  small  elevation 
on  the  anterior  fiide.  On  the  posterior  side  of  the  apex  is  a  cluster  of 
5-C  long  diverging  sense-hairs.  Dadny  shows  these  in  his  Q^ure,  but 
does  not  mention  them  in  the  text.  lu  the  possession  of  this  extra 
sense  organ,  the  male  M.  rosea  differs  from  oil  other  male  Cladooei& 
known,  inclndins  the  closely  allied  Macrothrix  latwaniis.  These  seo9fr> 
hairs  were  not  seen  by  me  in  my  earlier  specimen. 

The  post  abdomen  is  prolonged  into  a  Qexible  projection,  on  wbOSO 
sammit  the  vaa  deferens  opens,  just  before  the  vec  small  terminal 
claws.    The  whole  atraoture  thus  resembles  that  of  the  male  Boamina. 

Species  2T.    Macbothrix  laticornis,  Jurine. 

This  form,  which  is  usually  Riven  aa  the  commonest  of  Europeaa  spec- 
ies seems  very  rare  here.  I  have  met  with  not  more  than  a  dozen  sp&eA- 
mens  in  a  season's  collecting,  while  M.  rosea  is  very  abundant  in  maishee. 
It  is  at  times  the  predominant  cladoceran,  while  M.  laticomit  has  xufvtar 
appeared  except  in  single  specimens. 

Species  28,    Dbbpakothris  dbntata,  Euren.    Plate  Xm.    Pigs.  15-17. 
1961.    Acanthofeberis  dentata,  Eur^u,  Om  markliga  Cmataoeer  af  or- 

duingen  Cladocora,  f unna  i  Dalame.    6fvers,  af  K.  Vet.-akad. 

Forh.  1861,  p.  118.    Description  of  female.    Tafi.  IH,  Sg.  2. 

Female. 
1862.    Drepanothrix  sentigera.  Bars,  O.  O.    Om  de  i  Omegnen  af  Chris- 

tiania  jagttagne  Crustacea  cladocera.  Forh.  Vid.-Selsknb.  1 

Ohristiauia,  1862,  p.  156.    Description  of  male  and  female. 
1862.    Drepanothrix  hamata,  Sars.,  Do.  p.  300.     Sfention  only. 

■Dndar,  E.    Crustacea  Cladocera  Faunae  HiuigBtic».'p.  IDS,  PI.  II,  Qg.  43. 
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18G7.  Drepanothrix  Jiamata,  Xorman  and  Brady.  Monograph  of  the 
British  Entomostraca  belonging  to  the  families  Bosminidae, 
Macrothricidae  and  Lynceidae.  Nat.  Hist.  Trans.  Northum- 
berland and  Durham,  18C7,  p.  12,  description  of  female, 
pi.  XXII,  figs.  5  female,  G,  aiitennule,  7  post-abdomen. 

18G7.  Drepanothrix  den tatctj  P.  "E, 'Mueller,  Danmarks  Cladocera,  p. 
138.    Description  of  female.    PI.  II,  flg.  13,  antennule. 

1884.  DrepanothHx  dcntata,  Herrick,  C.  L.  Geol.  and  Nat.  Hist.  Sur- 
vey, Minnesota.  llMt  Re^port,  1884,  p.  73.  Description  from 
P.  E.  Mueller.  Plate  C,  fig.  14,  antennule,  from  P.  E.  Mueller. 
In  the  description  of  the  genus  the  word  '*  not "  should  be 
erased  in  the  first  sentence,  "  The  head  not  separated  from 
the  valves  by  a  depression." 

1888.  Drepanothrix  dentata,  Richard,  J.  Recherches  sur  la  Faune  des 
Eaux  du  Plateau  Central.    Clermont,  1888.    Mention  only. 

The  references  given  above  show  that  this  tsre  species  occurs  in  Den- 
mark, Scandinavia,  Great  Britain  and  France.  I  have  found  it  here  in 
both  sexes  and  in  considerable  numbers.  Sars'  description  is  accurate, 
as  is  that  of  Norman  and  Brady.  The  vas  deferens  opens  in  front  of 
the  terminal  claws  witliout  any  prolongation  of  the  base  into  a  penis. 

jD.  dentata  is  found  in  Lake  Wingra  at  a  depth  of  from  5-10  feet.  It  is 
most  abundant  in  a  particular  zone  of  depth  in  that  lake  wliore  the 
weeds  of  the  marshy  margin  cease  and  those  of  the  deeper  water  have  not 
come  in  abundantly.  Here  is  a  stretch  of  bottom  a  few  yards  in  width 
composed  chiefly  of  broken  up  snail  shells  and  vegetable  debris  and  with 
a  few  Charae  as  the  chief  living  plants.  In  this  zone  I  have  found  this 
cladoceran  quite  common.  It  is  not  confined  to  it,  however,  but  is  met 
with  both  inside  and  outside  of  this  limit.  In  the  marsh  proper,  how- 
ever, I  have  never  found  it.  It  is  a  bottom-haunting  form  and  is  there- 
fore difficult  to  obtain  in  large  numbers. 

Under  some  conditions  it  is  markedly  repeUed  by  light.  If  a  por- 
tion of  the  bottom  with  this  and  other  Cladocera  is  placed  with  water 
in  a  watch  glass  and  the  whole  exposed  to  strong  light  as  from  a  lamp, 
Drepanothrix  will  at  once  hurry  to  the  side  remote  from  the  source  of 
light.  While  ChydontSy  Pleuroxiis^  Daphnia  and  most  other  forms 
present  will  congregate  on  the  side  toward  the  light,  Drepanothrix  hastens 
away  from  it  in  an  awkward  scramble.  The  sabre-like  setae  from  which 
its  name  is  derived  are  its  chief  organ  of  locomotion.  These  it  uses  much 
as  a  boy  uses  a  pair  of  sticks  to  propel  his  sled  over  the  ice.  It  can  swim 
fairly  well  in  the  open  water,  but  is  hampered  by  the  weight  and  stiffness 
of  those  setae. 
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Species  29.    QpHBTOzns  asi^nLn,  Ehus.    Fl»t«  Xftl.    FlgBL  10-12. 
186SL    Ophri/oxua  grtuUU  Sara,  O.  O.    Orenlgt  af  de  1  Omesnen  at 
Christiania  Jagttagne  Gmstaoea  cladooera,  p.  158.     Desorip* 
tion  of  male  and  female. 
(T)  tS7S,    OphrtrwetM  paradoxuriu,  Hndendorff,  A.    Beitra^  aar  Kennt- 
nlaa  der  SflsBwasaer-Cladooeren  Busslaiids,  p.  13.    Deaorip- 
tlon  of  female.    Tsb.  U.,  fig.  1,  a.  b.    This  speoies,  f onnded 
on  a  Hlogle  specimen,  very  possibly  belongs  here. 
1S82.    Lynoodaphnia  maerothroidea,  Herriok,  C.  L.   Amerioan  Xataral- 
Ist,  Vol.  XVI,  p.  1006.    Description  of  female.    Plate  XVL 
figs.  1,  female,  2,  antennae,  3,  post-abdomen,  i,  antennole. 
1B81.    Ltpteoiiapknia  maerothroiiiea,  Herriok,  C.  L.     UeoL  and  Nat. 
HlaL    Borrey  of  Minnesota,  12th  Annoal  Report,  1881,  p.  71, 
Description  of  female,  P1.6,flg.l2,TK.;  13,Iabnun;  li.anten- 
aole;  15,  last  foot.    PI.  B,  1,  flgs.  1,  female;  2,  post-abdomen; 


Ophri/oxtu  is  qotte  abundant  In  Lake  Wingra,  ooonning  through  the 
the  entire  sommer  in  openings  In  the  marsh.  It  it  nowhere  rare,  and 
nerer  very  plentiful.  It  seems  to  bare  the  habit  of  a  Daphnin, 
swimming  feebly  about  in  the  open  waters,  rather  than  olineing  to 
weeds.  I  irivn  nRiires  of  tlio  head,  first  loK.and  tlie  post -abdomen  of  the 
male,  which  liuve  never  liceu  ill  list  rated. 

Tho  statfmfut  that  tho  ynaiiit  havp  a  lonft  .spine.  (Sars),  or  that  the 
youiig  (lilfor  in  f'lrin  from  thf  adnlt  fllerriekl,  need  qiialiflcation.  The 
form  never  diffprH  (trPatly  from  that  of  the  adult,  and  there  is  never  any 
dlffleulty  ill  rocopiiiKiiiB  it  ax  the  youtiR  of  OphrfHhVitit.  Indeed,  the  pres- 
ence of  tlio  si)iii(>  is  tlie  only  important  difference  Iretwcen  the  younj;  and 
old.  Thif  spiiin  is  not  \<mn  aocordini:;  to  the  standard  of  the  Kenus 
Dnphnt'iiasit  rarely  measures  more  than  '^of  the  lenirth  of  the  animal. 
It  is  possoHsod  by  tlie  male  as  well  a*t  by  tho  youna  female.  In  the  adult 
female  it  iw  rmluced  to  a  sharp  prominence,  like  that  seen  lu  many 
species  of  ririnif'iplniia. 

Species  SL    Iltocbtptcs  LONOiREiris.  Sars.    Plate  XTII,  Ak,  18. 
1888.    /.  (onf/i'reHiis.  Sars.    .Additional  notes  on  Australian  Cladocera, 
Chrifft.  Vid.-SclskftbH  Porhand.    1888,  No.  7,  p.  3^-11.    De- 
ncriptinnnf  maleand  female.   PI.  iv.  figs.  1, female:  2.  female 
from  Ixilow:  3.  spines  from  edge  of  shell;  1,  female  post-  . 
aiidomon;  'i,  male. 
I  am  niiablo  to  distinguish  our  apotiimeus  from  those  raiseii  by  Sars 
out  of  mud  from  Australia.    The  anteunary  setiP,  from  whose  leDffth  the 
name  is  derived,  are  even  louRer  in  our  species  than  in  Sars'  Qgures, 
nearly  equalling  the  total  length  of  the  animal.    There  are  ,5-T  super- 
anal  teeth,  largest  in  the  middle,  an  outer  row  of  about  eight  long  post- 
anal spines  and  an  inner  row  of  11-lS  post-anal  denticles  besides  several 
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very  small  teeth  near  the  terminal  claw.  There  are  3-1  denticles  on  each 
side  of  the  anus.  This  armature  of  the  post-abdomen  distinguishes  the 
species  at  once  from  Uyocryptiis  sordidus  and  J.  acutifrona,  while  the 
antennary  setas  distinguish  it  from  J.  agilis.  The  fact  that  moulting'  is 
imperfect  also  serves  to  distinguish  it  from  the  latter  species. 

This  is  the  common  form  of  lit/ocryptus  here,  and  is  very  abundant  in 
shallow  water  and  marshy  localities  throughout  the  summer  and  until 
after  the  formation  of  ice  in  the  winter.  The  failure  of  food  consequent 
on  long  continued  cold  seems  the  only  thing  which  checks  their  multi- 
plication. Whether  J.  spinifer^  Herrick  (op.  cit.,  p.  77),  is  identical  with 
this  species  can  not  be  decided  as  none  of  the  specific  characters  are 
mentioned  or  figured. 

Species  37.    Leydigia  quadranqularis,  Leyd. 

The  shell-markings  in  my  specimens  are  far  more  distinct  than  those 
described  by  European  authors.  Otherwise  the  species  agrees  entirely 
with  the  descriptions. 

Species  40.    Aloxa  lineata,  Fischer. 

If,  following  Matile's*  advice,  the  specific  name  lineata  is  abandoned, 
my  form  would  be  A.  pulchra,  Hellich. 

Species  44.    Alona  lepida,  sp.  nov.    Plato  XIII.    Fig.  19. 

Length,  .8  mm.  Length  of  male,  .G  mm. 

Height,  .45-50  mm.  Height  of  male,  .3  mm. 

Length  post -abdomen,  .40  mm. 

General  shape  conforms  to  the  normal  Alona  type.  Head  depressed, 
rostrum  sub-acute,  nearly  reaching  the  level  of  the  ventral  margin  of  the 
shell.  Valves  quadrangular,  dorsal  margin  arched,  superior  posteal 
angle  obtuse,  well-marked.  Posterior  margin  oblique,  bearing  a  row  of 
minute  spinules.  Inferior  posteal  angle  rounded,  very  slightly  eia^gi- 
nate.  Ventral  margin  besot  with  a  row  of  plumose  setsB,  of  ordinary 
length,  which  ends  abruptly  at  the  posteal  angle.  Valves  marked  by 
close-set,  conspicuous,  longitudinal  striaB,  alternately  stronger  and 
weaker,  occEisionally  anastomosing,  running  parallel  to  the  dorsal  and 
ventral  margins  and  converging  into  a  reticulated  area  at  the  anterior 
inferior  portion  of  the  valves.    Between  the  striae  lie  the  braces. 

Antennule  extends  nearly  to  end  of  rostrum:  is  spindle-shaped,  largest 
near  base,  provided  with  an  anterior  sense-bristle  and  (y-S  subequal 
sense-hairs.  Antennary  setaB  }j{.  The  terminal  setas  are  of  unequal 
length.  All  are  plumose  and  without  spines.  The  eighth  setae  is  of 
moderate  size,  bi-articulate  and  plumose.  Spines  of  antennae,  ^.  On  the 
middle  joint  of  the  inner  branch  is  a  circlet  of  small  spines.  Ventral 
margin  of  labrum  often  notched  just  anterior  to  the  posterior  angle, 

*  Matile,  P.  Die  Cladoceren  der  Umgegend  von  Moskau,  1890,  p.  46. 


wbieb  is  sharp.  Eye  moderate  in  size,  showing  four  or  fewer  tenaes. 
Macula  nigra  al>out  as  large  as  eye,  OBgular,  and  somewhat  nearer  to  ej* 
than  to  apex  of  rostrum. 

Post-abdomen  enlarged  posteriorly,  lower  angle  rounded,  beuriiig  15-17 
aerrate  post-annl  dontieles  and  about  the  same  number  of  sqaamae.  Ter- 
minal c;laws  smooth.     Basal  apiue  rather  large.    Abdominal  set%  of  ordt-  ■ 
uory  length.  ■ 

»ALE.  I 

Antennole  (•ylindrlcal.witbanterior  sense-bristle  and  flaffelluin.  Port- 
■ibdomen  devoid  of  denticles  and  with  a  row  of  sijuamae.  Vaa  deferens 
opens  in  front  of  terminal  claw.    Basal  spine  large. 

Color  yellowish  to  bri^lit  yellow,  (airly  transparent.  Xiake  Mendota, 
in  deeper  water,  15-20  feet. 

This  species  is  ertdently  related  to  A.  eiegann,  Kara*  fronx  which  it 
differs  in  its  greater  size,  in  the  reticulation  of  part  of  the  shell,  and 
in  the  size,  shape  and  armature  of  the  post-abdomen.  The  post-abdomen 
of  A.  tepw/u  resembles  in  general  that  of  A.  quadrangular^,  O.  F.  M. 
The  speoiesliTBS  at  the  bottom  in.  rather  deep  water — li>-20  or  mor« 
feet— and  is  much  more  abundant  in  Lalie  Mendota  than  elsewhere  in 
the  vlidnity  of  Madison. 

Spet'jey  l.-..     nRM'T.iLKF.Ei;T.s  TT:=iTl-ri|N-MilA.  (HscLiT.  ■ 

iij  species  u.  In«rmi8,t  is  a  variety  of  this  speote*.    'me  tplne  on  tb»" 
terminal  olaw  is  sometimes,  though  rarely,  present,  and  the  other  obar- 
aoters  adduced  for  Q.  inertnia  (all  within  the  range  of  Tari&tion  of  Eu- 
ropean forma. 

Species  46.    Doshevedia  (CaEPiDOCBBCpa)  setiqeb,  Birge.    Plate  XIIL 

Pig.  20. 

In  183S,  O.  O.  Sarsj;  raised  from  dried  mud  and  redesoribed  Dunhevedia 
crassa  of  King.  From  his  description  and  Qgares  It  is  plain  that  my 
genus  Crejiirfocercus  is  identical  with  King's  Diinftevedia,  which  was  estab- 
lished in  1853.  The  genus  was  named  by  King  from  Danheved,  tba 
place  where  the  animal  was  fonud.  My  species  differs  troia  H.  crasta. 
King,  in  the  reticulation  of  the  shell  and,  apparently,  from  D.  podagra. 
King,  in  general  form.  I  have  not  been  able  to  see  King's  original  pa- 
per.   D.  setiger  has  been  found  in  Hungary  by  Daday.§ 

In  the  latter  part  of  Augnst  t  found  the  males  of  this  speoiea.  D.  aetiger 
has  always  been  one  of  the  rarest  species  of  Cladooera  here.  It  ma 
rarely  collected  at  all,  and  if  present  in  a  dredging  was  found  in  <mi1t- 

■Kurz,  W.    DodekM  ueuer  Cladac«»n.    Sitzb.  der  E.    Akad.  dor 
1B74.    Separate  reprint,  p.  43.    DescripCLon  of  feoule.    Tab.  n,  flf;.  1,  female. 
tTransactloniWIs.  Acad.  Bel.,  vol.  It.  p.  109.  pi.  I.flg- 1^*- 
t  Additional  noUe  on  Aiut.  dadocera,  1888,  p.  41,  Ft.  G,  Bs>.  M. 
f  Dodar,  E.    CniKtacea  Clodocera  Faunn  Huugaricae,  p.  91,  PL  1,  Ok-  4T-4S. 
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one  or  two  specimens.  At  the  time  named  I  found  in  Lake  Wingra,  in 
water  filled  with  MWefoHum^  immense  numbers  of  the  species  in  both 
sexes.  Thousands  were  collected  in  a  single  haul  of  the  cone-dredge. 
After  about  a  week  they  disappeared  and  repeated  efforts  to  find  them 
in  the  same  locality  failed.  Doubtleas  the  winter  eggs  had  been  laid  and 
both  sexes  were  dead.  It  will  be  interesting  to  observe  at  what  date  the 
species  will  appear  in  1892. 

The  male  measures  about  .36  mm  in  length  and  .24  mm  in  height.  It 
has  the  same  general  form  as  the  female.  The  first  foot  has  a  stout 
hook.  The  post-abdomen  resembles  that  of  the  female,  and  is  provided 
with  numerous  scattered  hairs.  The  vas  deferens  opens  above  the  ter- 
minal claws.  The  terminal  claws  are  smooth  in  both  sexes,  differing 
from  D.  crassn  in  which  they  are  denticulate. 

Species  47.    Pleuroxus  triooxellus,  O.  F.  Mueller. 

This  specues  is  by  no  means  abundant  here,  and  is  usually  found  in 
deep  water,  down  to  12-15  feet. 

Species  48.    Pleuroxus  dexticulatus,  Birge.    Plate  XIII.    Fig.  21. 

This  is  the  ordinary  Pleuroxus  here.  It  corresponds  to  P.  ad  uncus,  Jur. 
in  Europe.    I  give  a  figure  of  the  male  post-abdomen. 

Herrick  remarks  on  the  similarity  of  this  species  to  P.  procurvatus, 
and  suggests  that  the  two  names  may  really  belong  to  varieties  of  the 
same  species.  I  have  looked  carefully  for  connecting  forms  but  have 
been  unable  to  find  then. 

Species  49.    Pleuroxus  gracilis.  Hudendorff,  var.  unidens,  Birge. 

I  was  not  acquainted  with  Hudendorff's  paper  when  I  wrote  my  de- 
scription of  this  species  in  1877.  Matile*  notes  the  resemblance  of  the 
two  forms  and  correctly  points  out  that  the  chief  difference  lies  in  the 
overhanging  projection  of  the  upper  posteal  angle  in  P.  unidens.  As  I 
find  this  difference  constant  and  as  there  are  other  less  important  differ- 
ences, I  retain  my  name  as  characterizing  a  variety.  Both  Hudendorff 
and  Matile  note  the  species  as  rare.  I  did  the  same  in  my  former  paper, 
having  then  found  only  about  15  specimens.  By  the  use  of  the  cone- 
dredge  I  have  found  it  q\iite  abundant  in  Lake  Wingra  in  late  summer 
and  autumn.  There  is  no  difficulty  in  getting  25  to  100  specimens  from 
one  haul  of  the  dredge. 

Species  00-G2.    Camptocercus. 

Three  species  of  Camptocercus  are  found  in  Wisconsin,  C  macrurus, 
O.  F.  M.  has  been  formed  in  only  a  few  specimens. 

I  am  doubtful  whether  Schoedler's  two  species  C.  biaerratus  and  C, 
rectirostris  are  really  distinct.  I  find  forms  agreeing  with  both  descriptions 

♦  Die  Cladoceren  der  Urag.  von  Moskau,  1890,  p.  37. 
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in  general,  and  iiicliifle  both  names.  In  no  ease  have  I  found  the  head 
directed  so  horizontally  forward  as  in  Schoedler's  fljiOires  of  C  ret*tirf> 
stris,*  Nor  are  the  post eal  teeth  so  lar^e.  Oiirform  more  nearly  resem- 
bles that  figured  by  Matile.t  In  the  other  form,  the  head  is  more  depres- 
sed, the  macula  nij^ra  hirger  than  the  eye,  and  the  ventral  margin  of  the 
valves  is  concave.  I  have  found  no  specimens  connecting  the  two  forma 
and  have  therefore  identified  them  as  above. 

In  both  si)ecios  I  have  found  individuals  in  which  the  beak  was  trun- 
cate, resembling  that  part  in  C.  Lilfjehotyii,  Schdl.,  as  figured  by  Hellich^ 
or  C.  lat  iron  Iris,  Kurz.g  The  shell  markings  differ  from  those  fi^ired  by 
any  author.  If  a  cast  shell  is  examined  without  cover  gla.s.s  aud  not 
covered  by  water,  a  reticulaterl  area  is  seen  in  the  anterior  part  of  the 
valves  just  below  the  middle.  From  this  radiate  most  of  the  stri». 
Tliese  are  in  front  pai'allel  to  the  anterior  edge  of  the  shell  and  the 
direction  gradually  changes  until  they  are  parallel  to  the  ventral  edge. 
Sixteen  or  more  striie  run  out  on  the  ventral  edge  of  the  shell.  Theloug- 
itudimd  striao  anastomose  occ^usionally  and  those  on  the  dorsal  part  of 
the  valves  do  not  bend  downward  into  the  reticulatetl  area.  I  have  never 
found  spei'imens  reticulated  all  over  with  quadrangular  meshes  as  Hel- 
lich  (1.  c,  pp.  7(5-77)  figures  them. 

Species  03.    PoLYPHEMrs  pedicitlus,  De  Geer. 

This  species  I  have  found  veiy  rarely.  Only  two  or  three  specimens 
have  boon  discovered  at  long  intervals.  Zacharias  notes  that  this  ani- 
mal is  distinctly  nortliorn  in  its  range.  .My  observations  eoutirm  his 
c<jii(*lusi()ii.  T  liml  it  iiuito  al)undaiit  iu  a  small  ooilootioii  from  imrthorii 
]\Iinin^M)ta.  ITf^rrick  alsv)  dcscriboh  it  as  pii-utiful  in  Minnesota.  A>  I 
havi-  oftiMi  s(.'archo«l  vainly  for  it.  luuv,  I  boiiovo  that  this  locality  must 
bo  (•l«)sf  to  t  ho  southorn  limit  ofits  range.     Tlio  saiuo  is  probably  true  of 

Sp(?oios  ('A.      LCPTODORA  HYALIXA,   Lill.j. 

T  <iuoto  this  spi.'cii^s  by  its  uM  name,  without  }>assing  on  the  correct- 
n(?ss  of  tlio  change  to  L.  Kiinlfii^  Fooko.  Fooko's  paper  is  inaocossiblo  to 
mo.  Lrptoilora  is  yijry  abundant  in  all  our  lakes.  It  grows  to  a  lar-ro 
size  and  spocimous  18  -'21  mm.  in  longtli  arc.  not  rare. 


Srhoc-llor.  J.  1'..     N«!ii>»  Hciii-iU''*  7.U1' Xiitur;;«'SL;liii'lito  d'.'i"  (..'ladootTcn,  isr>:j,  I'l.  uj,  t\^'j-'. 
■«  Matil"'.    P.  I.»itM:la.l'.H-ei-.Mi  diM-  I'm/o;,'!-!!!!  v.m  .Mi-^kaii.     1s'.h».     PI.  IV,  ii'^.-ii}. 
t  Tl.'llicli.  B.     Die  Chuloci.-ron  lloohim-us.  1^77,  p.  ;?,  11;;.  :jr. 
>;  Kn:::.  W.    Doil-kas  noii-^r  OLiil.»o<'ivn.  isri.  IM.  11.  fi>;.  I). 

/,u-;iaria««.  (.).     I>io  Fauna  (l«'s  ^rosseii  uud  kl»'iueu  Toiclii*s  iu  lviesengcl.)irp>.  Zint,  Wj-j-i, 
Z.x.l.  \u\.  XLI.,  i>.  -I'e 
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THE  CONE-DREDGE.   . 

The  dredge  which  I  have  used  for  collecting  seems  worthy  of  special 
description.  It  consists  of  four  parts:  the  body,  the  cone,  the  net,  and 
the  screw-top.  The  body  is  a  cylinder  of  stout  tin,  strengthened  by  a 
wire  at  each  end,  four  inches  long,  and  four  inches  in  diameter.  On 
top  of  this  is  placed  a  cone  of  brass  netting,  five  inches  high.  This  is 
attached  below  to  a  circle  of  tin  so  that  it  fits  into  the  top  of  the  body 
like  the  cover  of  a  tin  pail.  The  bail  of  the  body  is  of  stout  brass  wire; 
the  ends  passed  through  the  side  of  the  body  and  enlarged,  and  the 
loop  of  wire  shaped  so  as  to  fit  within  the  cone  and  project  through  a 
hole  in  its  top  with  an  eye  into  which  the  dredge-line  can  be  fastened. 
To  the  end  of  the  line  is  attached  a  snap-hook  larger  than  the  hole  in 
the  top  of  the  cone,  so  that  the  cone  can  not  come  off  the  body  when 
in  use.  There  are  two  cones  provided  for  my  dredge,  one  of  one-tenth 
inch  mesh,  and  the  other  of  one-twentieth  inch. 

The  ^  inch  mesh  is  coarse  enough  unless  it  is  desired  to  secure  very 
large  forms.  For  ordinary  shallow  water  collecting  it  is  the  best  size. 
The  cone  can  easily  be  removed  for  work  at  night  in  the  open  water. 

The  net  is  of  fine  cheese  cloth,  eighteen  to  twenty-two  inches  long, 
conical,  large  enough  at  the  base  to  slip  over  the  dredge  body,  to  which 
it  is  tied.  It  is  faced  with  stout  muslin  for  a  distance  of  two  or  three 
inches  at  each  end.  At  the  smaller  end  it  is  small  enough  to  fit  the 
screw-top,  a  tin  cylinder  one  inch  in  diameter  and  one  and  one-quarter 
inches  in  length,  with  a  wire  in  one  end  and  on  the  other  a  zinc 
screw-top,  such  as  are  used  on  kerosene  cans. 

The  seam  along  one  side  of  the  net  is  so  made  as  to  leave  a  sort  of  a 
loop  in  the  cloth,  through  which  a  string  can  be  run.  One  end  of  this 
string  is  tied  about  the  dredge  body;  to  the  other  end  can  be  attached 
a  weight,  when  desired,  without  having  the  pull  of  the  weight  come  on 
the  net. 

This  dredge  is  very  useful  for  collecting  small  animals  in  shallow  or 
weedy  water.  It  can  easily  be  thrown  from  the  shore  to  a  distance  of  50 
feet  or  more,  thus  permitting  much  more  extensive  collecting  from 
shore  than  does  the  ordinary  hand  net.  It  can  be  drawn  through  weeds 
and  over  muddy  bottoms,  straining  large  amounts  of  water  without 
becoming  filled  with  mud  or  clogged  with  weed.  If  it  is  desired  to  col- 
lect from  water  close  to  the  bottom  without  obtaining  mud,  a  weight 
fastened  to  the  end  of  the  cord  spoken  of,  so  as  to  drag  behind  the 
dredge  will  cause  the  dredge  to  lift  at  each  pull  and  so  exclude  most  of 
the  mud,  except  in  very  deep  water.  If  a  band  of  cloth  is  fastened 
about  the  base  of  the  cone,  leaving  only  the  upper  part  free  it  will  ad- 
mit the  water  just  above  the  bottom  without  scraping  up  mud.  An  old 
rake  or  other  irregular  piece  of  iron  fastened  to  the  dredge-line  in  front 
of  the  dredge  will  stir  up  the  bottom  and  thus  samples  of  bottom  ani- 
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mala  can  be  jtatbared  tswa.  *  Ions'  dIsUaoe,  befon  the  dred^ie  filla.  TIi« 
oone  not  only  azolodes  weeds  but  also  keeps  oat  inaeota,  larvsa,  laige 
Gammarl,  eto^  wbicb  ao  abound  In  looalltleB  bTorable  for  ClBdooera,  and 
whoee  staa  m"^  aotlTltf  made  It  difflonlt  to  disttngolsh  the  smaller  cnu- 
taoea  In  the  oolleotor^  Jar.  The  taot  that  this  dredge  can  be  polled 
through  weeds  and  strain  a  large  qoantlty  of  water  without  obtaining 
a  large  amount  tA  regetable  debris  makes  It  rerf  valuable  In  obtaining 
the  rarer  dadooBia. 

The  dredge  la  emptied  br  nnaorewliig  the  sorew-oap  and  washlnc  oat  the 
oontents  <rf  the  bag  into  a  tumbler  or  small  Jar  of  water.  Id  oolleoUng 
near  home  this  ia  brought  to  the  laboiatorjr  for  study.  When  it  ia  de- 
sired to  preserre  oolleotlons  for  future  etnd;,  the  water  is  allowed  to 
stand  and  settle  tor  a  short  time  and  then  the  clear  water  ooutaiolngthe 
^^Tl^^^la1^  and  tree  from  mnd  la  poured  through  a  fonnel  into  a  amall  bag 
of  oheeee-oloth  which  is  tied  and  put  into  alcohol  or  other  preserving 

fluid. 

With  this  dredge  it  is  not  at  all  diffloolt  to  oollect  20-30  speoies  of 
dadooera  trcoi  one  looall^  and  In  a  few  hauls.  In  a  oolleotlon  thus 
gathered  from  the  shore  on  a  fiylng  trip  to  some  small  lakelets  at  Man- 
istee, Hloh.,  I  found  twenty-six  species  of  littoral  Cladocera.  Zacharias* 
in  a  summer's  campaign  in  North  German  lakes  found  only  twentj-three 
species  from  the  shore  waters. 


■nlnreed  SO  dlaiupt<^rs. 
mUrgeii  7i  dlametora. 

Fig.   4.  "  "  Anteonul^  ot  ueir-lmlched  male,  enlartced  -iV 

male,  cnlnriced  ITS  diameters. 
ID  nliow  position  oC  appndix  cili- 
ala  (a).    EnlarRed  3)0  diatiint^rB. 
.    Dai'hnia  relrocun-a.  Forbes,    Stale  aDteDniile,  enlsroed  AXi  iliameton. 
■■  "  Female,  enlarged  30  dlametera, 

"        hyalina,  Leyd.    Mole  aDt«Diiule,  enlarged  3X>  dtamel^n. 
Ophruozat  gracilis,  Bare.    Head  ot  uiale,  enlarged  05  dlameiers. 

POBt-abUomen  of  male,  enlarm-d  1t>i>  dlnmetf  ra. 
'■  ■'  Part  of  first  leg  of  male,  Bniarg«l  3)J  dinmcturB. 

Marrotlirix  roMO,  Jur.    AnMonule  of  male,  enlarged  2W  dlamatera. 

"  "  Post'Sbdooicn  of  male,  eolarRed  iiVI  dianietcrs. 

DrepancthTlj  dtntala,  Eur    roat-abdomen  of  male,  enlarged  175  diamecers. 
''  "  FemaJe>  ealargoj  45  diameters. 

"  "  Firn  lag  ot  ni^it.  enlarged  3D0  diamelcrs. 

Fig,  18.    Ili/ocryplu*  lonsirtmia,  Bars.    Male,  enlarved  100  dlametern.    The  B]nDet<  o(  the 

the  post-abdomen. 
Fig.  IS.    ^iono  l^rln,  BIrge.    Cast  shell  to  show  markings,  enliirgetl  CO  dianieu^ni, 
Hg.SO.    DtwJicrnlia  tcfiger.  Birgf.    Mule,  enlnrgcd  ]l&diau>eterg. 
Fig.  SI.    Fteirojrus  daiticulaiui.  Birge,    Post-ahiloiiien  of  male,  enlarged  IBS  rtiameterB. 


'oi.  vni.  PI.  xiii. 
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NOTE  ON  CERUSSITE  FROM  ILLINOIS  AND  WISCONSIN. 


By  WM.  H.  HOBBS. 


A  few  years  since  the  University  of  Wisconsin  obtained  by  purchase 
the  mineral  collections  of  W.  T.  Henry,  of  Mineral  Point,  Wis.  They 
consist  largely  of  the  minerals  associated  in  the  zinc  and  lead  deposits 
of  southwestern  Wisconsin  and  northwestern  Illinois,  and  comprise  the 
best  series  existing  from  that  region.  Among  the  carbonates  cerussite 
is  found,  the  best  localities  being  Galena,  111.,  and  several  points  in  Iowa 
County,  Wis. 

In  a  number  of  specimens  in  the  University  of  Wisconsin  collections 
the  mineral  is  quite  well  crystallized  and  is  always  found  on  the  surface 
of  galenite,  where  its  presence  is  best  explained  by  the  action  of  car- 
bonated waters  on  the  galenite.  Cubes  of  galenite  attaining  in  some 
oases  dimensions  of  several  inches  are  half  covered  by  yellowish  white 
cerussite  crystals,  which  vary  in  size  from  a  millimetre  to  more  than  a 
centimetre  in  diameter.  They  are  stoutly  columnar  and  translucent,  with 
a  color  varying  from  yellowish  white  to  light  steel-gray.  The  faces  are 
generally  somewhat  rounded,  especially  the  terminal  ones.  The  brachy- 
axis  is  the  one  of  principal  development,  the  columnar  habit  being 
given  by  the  planes  s,  JPob  (012),  and  u,  2P,ab  (021),  which  have  about 
equal  development.  The  fundamental  prism  M  terminates  the  crystals. 
The  pyramid  t,  P  (111)  appears  as  a  rounding  of  the  combination  edge 
M  :  s.  Twins  parallel  to  M  were  frequently  observed.  Measurements  of 
the  inter  facial  angles  with  the  goniometer  of  the  Fness  Universal- 
apparat  gave  the  following  results: 

Measured  Calculated. 

u  :  u  (2Pab  :  2Pab  ) Ill'    2'  110"  40' 

s:s(iP5b   :  iPx  ) 139^54'  U0M5' 

M  :  M  (ooP  :  ooP) IIT  25'  117'  W 

t  :  t  (P  :  P) 130'  129'  30' 

The  face  t  gave  no  image,  the  value  being  the  average  of  a  number  of 
measurements  by  the  shimmer  seen  when  the  lens  was  in  place  before  the 
telescope. 


Mr.  R.  B.  Greeu,  late  of  the  Uairersity  of  Wisconsiu  niid  now  chemist 
for  the  lAke  Superior  Iron  CompcLHj  at  Isbpemiiig.  Michisnii,  has  made 
ananalysisofsomeof  the  more  translnoent  crystals  from  Galena,  nilnois, 
with  the  following  results: 


S3. 12 
16.15 


Calculated 
for  Pb  Co,. 

83  .SI 

16.46 
100.00 


1 


The  material  amilyKed  was  specially  examined  for  zinc  with  DegatiT? 
results. 

Univebbiti  or  Wisconsin. 
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PROCEEDINGS. 


NINETEENTH  REGULAR  MEETING. 


Thursday,  December  27,  1888,  4  p.  m. 
Committee  Room  of  Senate  Chamber. 

Report  of  treasurer  and  secretary  read. 

That  of  secretary  approved. 

The  committee  on  nominations  (Prof.  Van  Hise,  chair- 
man), reported  the  following  candidates,  all  of  whom  were 
elected : 

C.  C.  Pudor,  Madison. 

Prof.  C.  D.  Marsh,  Ripon. 

Frank  Leverett,  U.  S.  G.  S.,  Madison. 

Prof.  G.  C.  Comstock,  Madison. 

G.  B.  Ransom,  U.  S.  Navy,  Madison. 

F.  W.  A.  WoU,  Madison. 

Prof.  Stephen  M.  Babcock,  Madison. 

Prof  J.  S.  Brown,  Madison. 

Dr.  H.  B.  FaviU,  Madison. 

Dr.  Jos.  Jastow,  Madison. 

Prof.  J.  E.  Olson,  Madison. 

Prof.  W.  A.  Henry,  Madison. 

F.  G.  Short,  chemist,  Experiment  Station,  Madison. 

Hon.  G.  H.  Noyes,  Milwaukee. 

H.  J.  Desmond,  Milwaukee. 

Dr.  H.  A.  Puis,  Milwaukee. 

Dr.  J.  M.  Dodson,  Milwaukee. 

J.  H.  Dawley,  Antigo. 

Prof.  J.  Bigham,  Ripon. 

J.  B.  Thayer,  Madison. 


W.  H.  Chandler,  Madison. 
Prof.  Storm  Bull,  Madison, 
Rev.  A.  N".  Somers,  Ft.  AtkiDson. 
Rev.  H.  D.  Maxson,  Menomonie, 
Prof.  C.  S.  Slichter,  Madison. 
Prof  C.  H.  Chandler,  Ripon. 


Thursday,  7-M  P.  M, 

Assembly  Chamber, 
Joint  meeting  of  Academy  and  Teachers'  Association. 

-Importance  of  Libraries  in  Rural  Schools  —  Hon.  I 
J.  B.  Thayer. 

—Socialism  and  Anarchy — Rev.  H,  D.  llaxson. 
Adjourned, 


Friday,  Dec.  28,  9  A.  M. 
Rooms  op  thh  Academy, 

Prof,  Allen  in  the  chair. 

Auditing  committee  appointed  consisting  of  Prof.  L,  M. 
Hoskins  and  Prof.  Chandler. 

Committee  on  nominations  appointed  consisting  of  Prof. 
Van  Else,  Prof.  I.  M.  Buell  and  Prof,  A.  J.  Rogers. 

The  following  papers  were  read: 

"  Observations  on  the  Till  Aggregations  in  South  Eastern 
Wisconsin." — Prof.  Ira  M.  Buell. 

"  Appendages  of  the  First  Abdominal  Segment  of  the  Em- 
bryo of  the  Cockroach." — W.  M.  Wheeler. 

"  Note  on  a  Disease  affecting  the  HeadandEyesof  Pish." 
—  Prof.  E.  A.  Birge. 

'*  Kame  Ridges  and  Gravel  Trains  within  the  Area  of  the 
Green  Bay  Glacier."—  Prof.  Ira  M.  Buell. 

"  British  Convicts  Shipped  to  British  American  Coloniea." 
—Prof  J.  D.  Butler. 

Adjourned. 
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Friday,  2  P.  M. 
Rooms  of  the  Academy. 

The  treasurer'8  report  was  approved  on  the  recommenda- 
tion of  the  auditing  committee. 

The  following  papers  were  read : 

"  Sectional  Features  in  American  Politics.'^ — H.J.Des- 
mond. 

"The  Defective  Classes."  — A.  O.  Wright. 

"The  Science  of  the  English  Language  in  the  Light  of 
the  Gothic."  —  G.  H.  Balg. 

"Aristotle's  Physics."  — Rev.  J.  J.  Elmendorf.  (This 
,  paper  was  read  by  title  and  a  brief  synopsis  of  it  given  by 
Prof.  Allen.) 

Adjourned. 


Friday,  7:30  P.  M. 
AajSEMBLY  Chamber. 

The  following  papers  were  read. 

"  Recent  Explorations  of  Aztalan  Mounds,  with  a  Dis- 
cussion of  the  Pre-historic  Races  of  America."  —  Rev.  A. 
N.  Somers. 

"Studies  in  Archaeology."  —  Rev.  S.  D.  Peet. 

Prof.  Van  Hise  offered  the  following  resolution: 

That  a  sufficient  amount  of  money  be  appropriated  to 
illustrate  the  next  volume  of  the  transactions  of  the 
academy;  the  amount  to  be  determined  by  the  president, 
secretary  and  treasurer. 

Carried. 

Nominating  committee  reported  the  following  candidates 
who  werp  elected : 

Dominie  Schuler,  473  15th  Ave.,  Milwaukee. 

Prof.  Floyd  Davis,  Madison. 

Rev.  W.  A.  McAtee,  Madison. 

Rev.  J.  H.  Crooker,  Madison. 

Resolved  (Prof.  Van  Hise),  That  the  librarian  be  author- 
ized to  prepare  a  catalogue  of  the  library  of  the  academy, 
spending  a  suitable  amount  of  money  for  the  purpose. 

Adjourned  sine  die. 


WUeonsln  Acrnlerntj  of  Sclencps,  Arts  and  L^tfers. 


TWENTIETH  REGULAR  MEETING. 


Rooms  op  the  Acadbmt. 

TiicKSDAY,  Dec.  26,  1889. 

Owing  to  the  death  of  Pres.  Allen,  Vice-president  King  1 
occupied  the  chair. 

Moved  {Prof.  Barnes)  that  a  president  be  elected  for  the 
unexpired  term. 

Carried. 

Prof.  Birge  was  elected. 

President  Birge  in  the  chair. 

The  report  of  the  secretary  was  read  and  approved. 

Report  of  treasurer  read. 

The  vice-president  appointed  an  auditing  committee  con- 
sisting of  Messrs.  Barnes  and  Blackstone. 

On  motion,  Messrs.  Tatlock  and  H.  P.  Armsby  w«:e  trans- 
ferred to  the  list  of  corresponding  members. 

The  president  appointed  Profs.  Bigham  and  King  a  com- 
mittee  on  new  members. 

Adjourned. 


Friday.  9:30  A.  M. 

President  Birge  in  the  chair. 

Report  of  auditing  committee  was  received  and  adopted. 

The  chair  appointed  Prof.  J.  D.  Butler  to  prepare  a  me- 
morial of  Prof.  Wm.  P.  Allen,  Prof.  T.  C.  Chamberlin  to  pre- 
pare a  memorial  of  Prof.  Roland  D.  Irving,  and  Rev,  H.  D. 
Maxson  to  prepare  a  memorial  of  Prof.  Lucius  Heritage,  to 
be  presented  at  the  next  regular  meeting. 

The  following  papers  were  read: 
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"The  Chemical  Constituents  of  Locust  Bark/' — F.  B. 
Power  and  J.  Cambier. 

"  Notes  and  a  Query  Concerning  the  Ericaceae/' — Chas. 
Chandler. 

"  Observed  Discrepancies  from  Law  of  Attraction  Recon- 
ciled and  Certain  Points  of  Astronomy  Explained/' — D.  P. 
Blackstone. 

It  was  moved  and  carried  that  Prof.  C.  O.  Whitman 
be  placed  on  the  list  of  corresponding  members. 

The  treasurer  submitted  a  list  of  members  many  years  in 
arrears. 

Moved  and  carried  that  the  names  read  be  dropped. 

Adjourned. 


Friday,  2:30  P.  M. 

Mr.  A.  J.  Rogers  in  the  chair. 
The  following  papers  were  read: 
"Kentucky  Pioneers." — James  D.  Butler. 
"  Problems  of  Hypnotism." —  Joseph  Jastrow. 
**  On  some  Metamorphosed  Eruptives  in  the  Crystalline 
Rocks  of  Maryland." — Wm.  H.  Hobbs. 
Adjourned. 


Friday,  8  P.  M. 

President  Birge  in  the  chair. 

The  committee  on  nominations  reported  the  following 
names  for  membership. 
Mr.  Caleb  N".  Harrison,  Milwaukee. 
Prof.  N.  S.  Fuller,  Ripon. 

Prof.  A.  A.  Upham,  State  Normal  School,  Whitewater. 
Prof.  Chas.  E.  Bennett,  Madison. 
Dr.  Wm.  H.  Hobbs,  Madison. 
Prof.  C.  P.  Sennott,  State  Normal  School,  Milwaukee. 
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The  Secretary  was  directed  to  cast  the  vote   of  the  Aca- 
demy for  these  persons. 
The  following  papers  were  read;  h 

"Science  as  Related  to  Invention." — A.  J.  RoKers.  I 

"  Some  new  Theories  of  the  Greek  perfect  in  Ka."  —  Chaai' 
E.  Bennett. 

Moved     and   oarried  that    the   council    be     authorized 
to  expend  the  amount  necessary  to  meet  the  running  ex- 
penses of  the  year. 
Adjourned  sine  die. 

Geo.  W.  Peckhajj, 

Secretar^M 


Secrefarffjm 
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TWENTY-FIRST  REGULAR  MEETING. 


Booms  of  the  Academy, 

Tuesday,  Dec.  30,  1890,  9  A.  M. 

President  Birge  in  the  chair. 

Report  of  secretary  read  and  approved. 

In  the  absence  of  the  treasurer,  Hon.  S.  D.  Hastings,  Mr. 
F.  W.  McNair  presented  his  report. 

The  president  appointed  Messrs.  Van  Hise  and  Barnes 
auditing  committee  on  treasurer's  report. 

F.  M.  McNair  read  a  list  of  members  and  the  amounts 
due  from  each  to  date. 

The  following  program  was  then  followed: 

*^  Recent  Progress  in  the  Chemistry  of  Sugars.^' — H.  W. 
Hillyer. 

^*  Some  Observations  on  Lake  Superior  Stratigraphy." — 
C.  R.  Van  Hise. 

*'  Electro-Deposition  of  Aluminum  in  Aqueous  Solutions." 
— A.  J.  Rogers. 

"  On  Cleavage  and  Lamination  in  Gneisses  and  their  Re- 
lation to  Bedding." — Wm.  H^Hobhig^a^p^^ 

^'The  Elevei]|]j|,^||pfliiffff^' the  Constitution."— C.  H. 
Haskins.     (Read  by  Prof.  F.  J.  Turner.) 

Adjourned. 


"^^  Tuesday,  2:30  P.  M. 

The  auditing  committee  reported  that  the  treasurer's  re- 
port and  vouchers  had  been  examined  and  found  to  be  cor- 
rect.    Signed  C.  R.  Van  Hise  and  C.  R.  Barnes. 

On  motion  of  Prof.  Jastrow  the  report  was  approved. 


( 
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The   president  appointed  Pres.   Chamberlin    and 
Peckham  a  committee  on  new  members. 

The  regular  program  waa  then  rcBumed. 

"Recent    Theories  of  the  Evolution  of  Sex."  — 
Somera. 

"Some  Generalizations  of  Comparative  Psycholoj 
Jos.  Jastrow. 

"Glacial  Lobation  id  Ohio." — Frank  Leverett. 

"Recent  Progress  in  Correlation  and  Differentiat 
Glacial  Deposits." — T,  C.  Chamberlin, 

"Hypnotism." — A.  N.  Somers. 

The  committee  on  new  members  reported  the  foil 
nominationa : 

Br.  C.  H.  Haskins,  Madison. 

Prof.  E.  S.  GofE,  Madison. 

Prof.  C.  D.  Marx,  Madison. 

Prof.  A,  A.  Knowlton,  Madison. 

Prof.  W.  S.  Leavenworth,  Ripon. 

On  motion  the  secretary  was  instructed  to  cast  the 
of  the  Academy  for  these  new  members. 

The  meeting  then  adjourned. 


Tuesday,  7:30  P. 

The  academy  listened  to  the  address  of  Pres.  E,  A. 
on  '■  Recent  Problems  hi  Biology." 

On  the  President's  suggestion  the  usual  formalities 
waived  and  a  very  general  discussion  ensued. 

The  committee  on  nomination  of  officers  reported  a 
lows; 

President,  Prof.  Geo.  W.  Peckham,  Milwaukee. 

Vice-president  for  Science,  Prof.  R.  D.  Salisbury,  B 
vice-president  for  Letters,  Rev.  H.  D.  Maxson,  Menoin 
vice-president  of  Arts,  Prof.  F.  B.  Power,  Madison. 

Treasurer,  Hon.  S.  D.  Hastings.  Madison. 

Secretary,  Prof.  C.  E.  Bennett,  Madison. 

Curator  and  librarian,  Prof.  Wm.  H.  Hobbs,  Madiso 


kl.    _ 
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On  motion  the  secretary  was  directed  to  cast  the  ballot  of 
the  Academy  for  the  new  oflBcers. 

It  was  moved  and  carried  that  the  council  be  authorized 
to  expend  the  amount  of  money  necessary  to  meet  the  ex- 
penses of  the  ensuing  year. 

Adjourned  sine  die. 

C.  E.  Bennett, 

Secretary. 

Note  —  In  June,  1891,  the  secretary,  Prof.  C.  E.  Bennett  removed  to 
Providence,  R.  I.,  and  in  September  the  president  appointed  Prof.  Wm.  H. 
Hobbe  the  secretary,  cut  interim. 


y.J'f^i 


Wiaeontin  Aeademy  ofSeitnettt  ^ft*  ^"d  Lttt§ 


TWENTY-SECOND  REGUUR  MEETING. 


Rooms  or  thb  Aca3>xmt, 

TtTEBDAT,  Dec.    S9tb, 

Meeting  called  to  order  at  9:30  A.  U. 

Vice-president  F.  R  Power  in  the  chair. 

The  report  of  the  secretary  was  read  and  acoepte 

The  treasurer,  Hon.  S.  D.  Hastings,  then  read  his 

It  was  moved  and  carried  that  the  following  men 
made  honorary  members  of  the  Academy: 

Prof.  C.  E.  Bennett,  Providence,  K.  I. 

Mr.  Ira  M.  Buell,  Sun  Prairie,  Wis. 

Prof.  J.  W.  Stump.  Oswego,  N.  T. 

Prof.  0.  D.  Marx.  Palo  Alto,  CaL 

The  treasurer  was  given  authority  to  drop  from 
of  members  all  who  were  in  arrears  more  than  thre* 

The  presiding  officer  appointed  Prof.  C.  D.  Max 
Frank  Leverett  and  Rev.  A.  N.  Somers,  a  comm 
audit  the  treasurer's  report. 

The  report  of  the  librarian  and  custodian  'was  ne: 

The  librarian  reported  that  the  books  of  the  librs 
been  re-arranged  and  a  card  catalogue  begun.  He 
mended  to  the  Academy  the  appointment  of  a  librai 
mittee  of  three,  including  the  librarian,  to  consider 
of  enlarging  the  library  and  making  it  more  acces: 
members.  It  was  further  recommended  that  this  c 
tee  be  authorized  to  purchase  from  the  funds 
Academy  such  odd  volumes  as  may  be  necessary  1 
plate  the  series  of  important  journals. 

It  was  moved  by  Prof.  Van  Hise  to  amend  by 
ing  the  expenditures  of  the  committee  to  be  subject 
approval  of  the  council.    Carried. 
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The  recommeDdatiou  was  then  adopted,  and  the  presid- 
ing officer  appointed  Prof.  G.  L.  Hendrickson  and  Prof. 
Geo.  C.  Cometock  and  the  librarian,  the  library  committee. 

The  custodian  recommended  that  the  collection  of  fossils 
belonging  to  the  Academy  be  deposited  in  the  collection  of 
the  University  of  Wisconsin  to  be  stored  by  itself  and 
labeled  as  the  property  of  the  Wisconsin  Academy. 

Prof.  Birge  moved  that  the  recommendation  be  adopted 
subject  to  the  acceptance  of  the  university  authorities. 

Carried. 

Prof.  J.  W.  Stearns,  in  a  brief  address,  reviewed  the  life 
of  Rev,  H.  D.  Maxson,  the  late  vice-president  of  the  De- 
partment of  Letters,  and  paid  a  tribute  to  his  many  sterling 
qualities,  to  which  Profs.  Van  Hise  and  Marsh  added  their 
testimony. 

The  president  asked  Prof.  Stearns  in  the  name  of  the 
Academy,  to  prepare  a  memorial  of  the  life  of  Rev,  Mr. 
Maxson  for  publication  in  the  Tranaactions. 

The  president  then  appointed  the  following  committees : 

On  Nominations  of  Officers — Profs,  Van  Hise,  Birge  and 
Hillyer. 

On  New  Members  —  Profs.  Birge,  F.  H.  King  and  Turner. 

On  Publication  — The  Secretary  ex-officio  and  Profs.  Van 
Hise.  Loomis  and  H.  C.  Tolman. 

The  literary  program  was  then  begun: 

"  Origin  of  the  Iron  Ores  of  the  Lake  Superior  Region." — 
C.  R,  Van  Hise,  25  minutes. 

Discussed  by  Mr.  Sennott. 

"OnNew  Attidae."— Q.  W.  Peckham.     (Read  bytitle.) 

"  Notes  on  a  Little  Known  Region  of  Northwestern  Mon- 
tana."—  Q.  E.  Culver,  25  minutes. 

Discussed  by  Dr.  Butler,  Prof.  Van  Hise  and  Mr.  Leverett. 

"  Some  Influences  of  Sex  on  Personality." — A.  N.  Somers. 
(Read  by  title.) 

*'  On  the  Limonene  Group  of  Terpenes." — Edward  Krem- 
ers.     (Read  by  title.) 

The  meeting  then  adjourned  till  afternoon. 


Visconsiu  Academy  of  Sciences.  Arts  and  Letters. 

Afternoon  Skssiok,  2:30  P.  M. 

The  auditing  committee,  through  ita  chairman.  Prof 
Marsh,  announced  that  tlie  report  and  vouchers  of  thi 
treasurer  had  been  examined  and  found  to  be  correct. 

The  program  was  then  resumed. 

"  Notes  OD  the  Depth  and  Temperature  of  Qreen  Lake. 
— C.  Dwight  Marsh. 

"On  the  Deep  Water  Crustacea  of  Green  Lake." — <J 
Dwight  Marsh,  15  minutes. 

Discussed  by  Profs.  Birge  and  Van  Hise. 

"  The  Present  Condition  of  the  Latitude  Problem." — O.t 
Comstock,  30  minutes. 

Discussion  by  Profs.  Butler,  Davies,  Hoskins,  LooDli 
aud  Van  Hise. 

*'  On  Certain  Analogies  between  the  Theories  of  Elasticity 
and  Electro  magnetism," — J.  E.  Davies,  2S  minutes. 

"  On  the  Authenticity  of  the  Comraentariolum  Petition!! 
of  Quintus  Cicero," — G.  L.  Hendrickson,  20  minutes. 

"  The  effect  of  Changes  of  Temperature  on  the  Dlstribii 
tion  of  Magnetism." — H.  B.  Loomis,  35  minutes. 

The  Academy  adjourned  till  evening. 


EvBNiNQ  Session.  7:30  P.  M. 

The  committee  on  New  Members,  through  its  chairmaD 
Dr.  Birge,  nominated  the  following  for  membership,  an< 
the  secretaty  was  instructed  to  cast  the  ballot  of  the  Acad 
emy  for  them. 

Prof.  G.  A.  Tolbert,  Racine. 

Mr.  Geo.  E.  Luther,  U.  S.  G.  S.,  Madison. 

Prof.  F.  L.  Van  Cleef,  Madison. 

Prof.  G.  L,  Hendrickson,  Madison. 

Dr.  H.  B.  Loomis,  Madison. 

Prof.  G.  E.  Culver,  Madison. 

Dr.  A.  H.  Tolman,  Ripon. 

Mr.  S.  D.  Townley,  Madison. 

Dr.  Edward  Kremers,  Madison. 
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Dr.  H.  C.  Tolman,  Madison. 

Dr.  C.  F.  Hodge,  Madison. 

Prof.  W.  A.  Eckels,  Ripon.  / 

The  literary  program  was  then  resumed. 

^*  On  Some  Interesting  Pseudomorphs  from  the  Taconic 
Region.'' — Wm.  H.  Hobbs,  10  minutes. 

'^  On  Cladocera  of  Madison,  Wisconsin." —  E.  A.  Birge,  30 
minutes. 

Discussion  by  Profs.  Jastrow,  Barnes  and  Marsh. 

**  Some  New  Points  in  the  Physiology  and  Hygiene  of 
Nerve  Fatigue.'' — C.  F.  Hodge,  30  minutes. 

Discussion  by  Prof.  Jastrow. 

'*  On  the  Correlation  of  Moraines  and  Raised  Beaches  of 
Lake  Erie." — Frank  Leverett,  30  minutes. 

Meeting  adjourned  till  next  day. 


Wednesday,  9  A.  M. 

"The  Council  Houses  and  Clan  Centres  of  the  EflSgy 
Builders." — Dr.  S.  D.  Peet,  25  minutes.  (Read  by  his  son, 
Mr.  C.  E.  Peet.) 

Prof.  Leverett  then  supplemented  his  paper  of  Tuesday 
evening  which  had  been  abridged  owing  to  the  lateness  of 
the  hour. 

**0n  Two  New  Occurrences  of  Diabase."  —  G.  E.  Culver 
and  Wm.  H.  Hobbs,  20  minutes. 

"The  Pseudo-Gregorian  Drama  Xfndroi  Uadxaov  in  its 
Relation  to  the  Textof  Euripides."— F.  L.  VanCleef.  (Read 
by  title.) 

'* Early  Lutheran  Immigration  to  Wisconsin."  —  Kate  A. 
Everest,  15  minutes.     (Read  by  F.  J.  Turner.) 

The  Committee  on  Nomination  of  Officers  through  its 
chairman,  Prof.  Van  Hise,  nominated  for  vice-president  of 
the  Department  of  Letters,  vice  Rev.  H.  D.  Maxson,  de- 
ceased, Dr.  A.  H.  Tolman  of  Ripon,  and  for  secretary,  vice 
Prof.  C.  E.  Bennett  removed  to  Providence,  R.  I.,  Dr.  Wm. 
H.  Hobbs  of  Madison.  • 
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The  secretary  was  instructed  to  cast  the  ballot  of  tfce 
academy  for  these  officers. 

The  program  was  then  resumed. 

"Clocks  and  Watches'' — R.  O.  Norton,  8  minutes. 

"Ponderable  and  Imponderahle Fluids." — Simeon  Mills. 
10  minutes. 

"Limited  Distribution  of  the  Waterloo  Boulder  Train."— 
Ira  M.  Buoll. 

Prof.  Van  Hise  spoke  of  the  desirability  of  holding  a 
local  meeting  each  year,  at  some  of  the  educational  centres 
of  the  state,  in  addition  to  the  regular  annual  meeting  held 
iu  Madison,  and  moved  that  the  council  be  authorized  to 
hold  6uch  a  meeting  before  the  next  annual  meeting  mak- 
ing all  necessary  arrangements  as  to  time  and  place-  After 
discussion  by  the  president,  Prof.  Marsh  and  others,  the 
measure  was  carried  unanimously. 

On  motion  of  the  treasurer.  Dr.  A.  L.  Chapin  of  Beloit, 
was  made  a  life  member  of  the  academy. 

The  meeting  then  adjourned  sine  die. 

Wm.  H.  Hobbs, 

Secretary. 


Reports  of  Treasurer. 


REPORTS  OF  TREASURER. 


Madison,  December  37, 1888. 
To  the  Wisconsin  Academy  of  Sciences,  Arts  and  Letters. 

Gbntlbhbn:  The  undersized  would  respectfully  pre- 
sent the  following  statement  b£  the  financial  transaction 
of  the  Academy  during  the  past  year:  — 

Balance  on  hAnd  December  27,  1687 tUg  19 

ReoeiTed  from  members  during  the  jear  for  fees  and  duee      68  00 
Beoeived  from  interest  on  permanent  loan 40  00 

|»43  19 
The  disbursements  have  been  as  follows:  — 
1888. 

Jan.  31.    Paid  Neloon  &  North  for  printing  blank  notices..  |3  CD 

June  4.    Paid  LudinK  Kiunlein  for  redrawing  maps 10  00 

Jnlf    3.    Paid  Moss  Engraving  Co.  engraving  plates 50  00 

Oct.    3.    Paid  Harr  A  Itiobarda,  engraving  maps 10  00 

Dec.    1.    Paid  M.  J.  Cantwell  for  printinft 7  75      79  75 


Q  hand,  Dec.  37,1888 $863  44 

Vouchers  herewith  submitted, 

Samuel  D.  Habtimos. 

.  Treasurer. 

To  the  Wisconsin  Academy  of  Sciences,  Arts  and  Letters: 
GtKNTLEMEN:    The  following  is  a  statement  of  the  finan- 
cial transactions  of  the  Academy  during  the  past  year,  viz. : 

Balance  on  hand  as  per  last  statement $802  44 

Received  for  interest  on,  permanent  fund 40  00 

Received  from  members  for  initiation  fees  and  annual  duee 80  SO 

t»87  94 
27— A.  ft  L. 
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The  disbursements  on  the  order  of  the  president  and  sec- 
retary have  been  as  follows,  viz. : 

1879. 

Jan.  10.  Paid  W.  F.  Allen  on  account  of  catalogues $10  00 

Jan.  17.  Paid  W.  F.  Allen  on  account  of  catalogues 12  40 

Jan.  18.  Paid   Burdick,  Armitage   &   Allen  for  printing  8  50 

Jan.  18.  Paid  G.  W.  Peckham  for  postage  and  envelopeB  3  05 

Mar.  Paid  E.  A.  Birge  for   cash  paid  for  catalogue- 

ing  library ..  16  00    $19  89 

Balance  on  hand  Dec.  26,  1889 $988.<9 

Respectfully  submitted, 

Samuel  D.  Hastings, 
Vouchers  herewith  submitted.  Trea^arer. 


Madison,  December  30,  1890. 
To  the  Wisconsin  Academy  of  Sciences,  Arts  and  Letters: 
Gentlemen:     The  following  is  a  statement  of  the  finan- 
cial transactions  of  the  Academy  during  the  past  year,  viz.: 

Balance  on  hand  as  per  last  statement $038  89 

Received  for  interest  on  permanent  fund 40  00 

Received  from  members  for  initiation  fees  and  annual 

dues 88  00 

$1,066  39 

The  disbursements  on  the  order  of  the  president 
and  secretary  have  been  as  follows,  viz. : 

1889. 
Dec.  27.    Paid  S.  D.  Hastings  for  postage  and  envelopes  for 

6  years $15  50 

Paid  Geo.  W.  Peckham,  postage,  envelopes,  etc  .      1  68 

Dec.  28.     Paid  Burdick,  Armitage  &  Allen,  for  printing 6  75 

1890. 

Feb.    3.     Paid  E.  A.  Birge  for  postage,  etc 27  qO 

Feb.  18.     Paid  Am.  Express  Co 6  75 

Mar.  7.    Paid  Adams  Express  Co 8  95 

Paid  C.  E.  Hoyt  for  putting  up  documents 5  00 

Nov.  4.     Paid  G.  W.  Peckham  for  bills  of  Moss  Engraving^ 

Co.,  N.  Y 80  10 

f96  73 

Balance  on  hand  Dec.  80,  1890 f969  W 

Respectfully  submitted, 

Samuel  D.  Hastings, 

^eas^irer. 
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Madison,  December,  1891. 
To  the  Wiscotisin  Academy  of  Sciences,  Arts  and  Letters: 

Obntlehun:  The  following  is  a  statement  of  the  finan- 
cial transactions  of  the  Academy  during  the  past  year: — 
viz.: 

Balance  on  hand  as  per  last  statement 9969  6ft 

Received  for  interest  on  permanent  loan 40  00> 

Beceived  from  membere  for  initation  fees  and  annual  dues. S9  0I>> 

Total »1,088  6& 

The  disbursements  upon  the  order  of  the  president 
and  secretary  have  been  as  follows,  viz. : 

tsuo. 

Oct.  30.  Paid  L.  S.  Cheney  for  cataloging  books,  etc.... .  $16  30 

1891. 

Jan.  81.    Paid  A.  G.  McClorg  &  Co.,  printinir,  etc 4  8S 

Feb.  31.    Paid  Chas.  B.  Bennett,  postage  and  exprees 1  7S 

Mar.    4.    Fi^d  Mrs.  E.  A.  Birge,  for  expreaa 1  00 

May    4,  Paid  Bnrdiok,  Armitage  A  Allen  for  printing. .    8  00 

Aug.  6.    Paid  State  Journal,  printing,  etc 3  85 

Nov.  11.    Paid  Detricb  &  Adams  etamp  pad,  etc IS 

Nov.  11.    Paid  Library  Bureau  (Boston),  eundriee 13  88 

Nov.  11.    Paid  W.  H.  Hobbe,  postage,  express,  etc 7  OO 

Total $6116 

Balance  on  hand 1891 $1,017  61 

Respectfully  submitted, 
Samuel  D.  Habtinos, 

Treasurer^ 
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REPORT  OF  THE  LIBARIAN  AND  CUSTODIAN. 


{Pretented  at  ihi  Twentyaeeond  Regular  Meeting.  December  S9(A,  189I.I 

The  arrangement  and  cataloguing  of  the  books  of  the 
library  has  been  begun  during  the  past  year,  and  the 
catalogue  ie  about  a  third  completed.  The  work  baa  been 
much  hindered  because  access  to  the  rooms  can  be  had 
only  on  Saturdays  and  during  vacations,  owing  to  their 
being  used  for  meetings  of  the  law  and  history  classes. 
The  cases  and  shelves  have  been  washed  and  the  doors 
fitted  with  new  locks  where  necessary.  The  cases  have 
been  given  numbers  from  1  to  31,  and  the  shelves  letters. 
The  dust  of  ages  has  been  removed  from  the  books  and  a 
temporary  arrangement  made  on  the  plan  which  follows. 

As  most  members    know,  the   library    consists     almost 
solely  of  journals  obtained  in  exchange  for  the  Transac- 
■  tions  of  the  Academy.     A  primary  classification  has  been 

I  made  into;    (I)  Journals  which  treat  of  Sciences,  Arts  and 

I  Letters.     (2)  Journals  restricted  to  Sciences.     (3)  Journals 

f  treating  of  special  sciences,  as  biological  journals,  geologi- 

cal journals,  etc.  (This  class  contains  a  subdivision  for 
each  science  or  group  of  sciences  represented.)  (4)  Jour- 
nals relating  solely  to  the  Arts.  (5)  Journals  relating  to 
Letters,  Supplementary  to  each  of  these  divisions  is  a 
►  small  collection  of  separate  works  and  brochures  of  papers 

»in  other  journals.  The  bulk  of  the  library  of  the  Academy 
is  embraced  in  the  first  three  divisions  —  general  and  scien- 
tific journals. 

Under  this  primary  grouping  the  journals  are  classified 
according  to  language,  as  English,  German,  French,  Italian, 
Dutch,  Norwegian,  Swedish,  Russian,  etc. 
A  list  showing  this  arrangement,  with  the  number  of  cases 
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where  the  journals  of  each  department  are  to  be  found,  will 
be  posted  this  noon  near  the  door,  so  that  members  can  in- 
spect the  shelves  and  learn  what  journals  the  library  pos- 
sesses in  each  or  any  department  of  knowledge. 

The  card  catalogue  has  been  adopted  as  in  every  way  the 
most  convenient  and  the  best  adapted  to  any  change  of  ar- 
rangement of  books  that  may  in  future  become  necessary. 
(I  should  perhaps  state  that  a  partial  card  catalogue  exists^ 
but  as  it  does  not  tell  where  the  books  are  to  be  found,  it 
proved  easier  to  make  a  new  one  than  to  use  the  old  one. ) 
The  present  classification  of  the  cards  is  the  same  as  that 
of  the  books,  and  each  card  gives  ref  ere  nee  to  number  of 
case  and  letter  of  shelf  where  the  book  is  to  be  found.  The 
books  have  been  given  numbers  on  the  following  plan:  Each 
journal  has  a  journal  number,  and  each  volume  of  that 
journal  a  volume  number  separated  from  the  journal  num- 
ber by  a  space  and  period.  The  volume  number  is  gener- 
ally the  number  of  the  volume.  This  makes  it  convenient 
to  number  and  catalogue  accessions. 

It  is  proposed,  if  possible,  to  finish  the  catalogue  before 
spring  and  publish  a  list  of  the  journals  in  volume  viii  of 
the  Transactions. 

The  acknowledgment  of  books  received  and  the  details 
of  the  work  of  cataloguing  have  been  carried  out  by  Mr.  L. 
S.  Cheney,  Fellow  in  Biology  of  the  University  of  Wiscon- 
sin, who  has  been  paid  for  the  work.  Credit  is  due  him 
for  the  care  he  has  exercised  in  a  work  requi  ring  consider- 
able care.  Journals  have  in  some  cases  been  found  bound 
with  incorrect  titles,  parts  of  a  volume  bound  with  odd 
numbers  left  out,  etc. 

At  the  next  annual  meeting  of  the  Academy  I  expect  to 
be  able  to  present  a  list  of  the  most  valuable  of  the  journals, 
and  the  Academy  will  be  asked  to  appropriate  money  for 
binding  them. 

As  soon  as  the  library  is  catalogued  it  will,  I  think,  pos- 
sess considerable  value  to  many  hi  the  members  as  a  library 
of  reference.  It  includes  many  quite  important  journals. 
I  would  recommend  to  the  Academy  the  appointment  of  a 
library  committee  of  three,  of  whom  the  librarian  shall  be 
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a  member  ea;-  officio,  to  consider  means  of  increasing  our 
list  of  exchanges,  other  means  of  enlarging  and  improving 
the  library,  and  how  it  shall  be  made  most  accessible  to 
members.  The  constitution  provides  that  such  a  committee 
be  appointed  annuatty.  I  recommend  that  this  committee 
be  given  authority  to  purchase — subject  to  the  approval  of 
the  council  —  from  the  funds  of  the  Academy  odd  volumes, 
when  necessary  to  complete  our  series. 

As  custodian  of  the  collection  of  specimens  of  the  Acad- 
emy, I  have  little  to  report.  The  value  of  the  collection 
consists  mainly  in  the  type  fossils  of  the  late  Wisconsin 
Geological  Survey,  whose  space  on  the  shelves  is  needed  for 
the  library,  I  recommend  that  these  fossils  be  deposited 
in  the  collections  of  the  University  of  Wisconsin  where 
they  can  be  stored  by  themselves,  labelled  as  the  property  of 
the  Wisconsin  Academy,  and  be  accessible  for  study.  This 
would  be  done  subject  to  the  approval  of  the  university 
authorities,  • 

Respectfully  submitted, 

Wm.  H.  Hobbs, 

Librarian  and  Cuatodian, 

*■  Th«  recomnieiidationH  in  this  report  were  favorably  acteii  on  by  the 
Academy,  (Sijc  proceedlnKB,  p.  412.)  Tiie  work  of  the  library  commiltee 
Is  hardly  more  tban  begun.  Mid  a  txHl  report  will  be  givea  at  tbe  next  an* 
nual  meetin;;.  The  action  of  the  Academy  on  the  second  recommendation 
(concerning  coUection  of  foeaila),  has  been  presented  to  the  faculty  of  the 
University  of  Wisconaiit,  and  on  their  recommendation  permission  was 
given  by  the  Board  of  Begents  to  transfer  the  collection  to  the  u 
The  transfer  has  been  nuule  accordingly.--  Secbetasy,  April,  ] 
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In  fflFmoriem. 


ROLAND  DUER  IRVING. 


Former  President  of  the  WUconsin  Academy  of  Scienceay  Arts  and  Letters. 


By  T.  C.  CHAMBERLIN  * 

President  of  the  University  of  Wisconsin. 

Professor  Irving  was  bom  in  the  city  of  New  York,  on  the  29th  day  of 
April,  1847.    His  father,  the  Rev.  Pierre  P.  Irving,  was  a  clergyman  of 
the  Episcopal  church  and  a  nephew  of  Washington  Irving.    His  mother 
was  a  daughter  of  Chief  Justice  John  Duer,  of  the  supreme  court  of 
New  York.    Sprung  thus  from  a  family  of  literary  talent  on  the  one 
side  and  of  judicial  on  the  other,  Professor  Irving  inherited  tastes  and 
capabilities  that  especially  fitted  him  for  his  subsequent  work.    His 
birth  and  early  education  in  the  metropolis  of  our  country  impressed 
upon  him  something  of  the  breadth  and  complexity  of  its  commercial, 
social  and  intellectual  activities  and  gave  to  a  mind  naturally  disposed 
to  large  and  analsrtic  conceptions  a  pronounced  breadth  and  a  discrimi- 
native habit.    His  youth  was  spent  upon  Staten  Island,  to  which  his 
father  had  removed  in  his  second  year.    A  lack  of  entire  robustness  of 
health,  emphasized  by  frequent  attacks  of  illness  and  a  weakness  of 
sight,  interfered  with  systematic  study  and  checked  the  indulgence 
of  his  passionate  fondness  of  reading.    His  early  training  was  therefore 
conducted  mainly  at  home,  his  father  and  sisters  being  his  chief  in- 
structors.   It  was  only  in  his  twelfth  year  that  he  entered  school.    His 
dominant  studies  wore  classical,  but  he  was  fortunate  in  falling  under 
the  instruction  of  a  teacher  whose  frequent  rambles  with  his  pupils 
fostered  a  love  for  natural  history.    5foung  Roland  became  especially 
interested  in  the  collection  of  the  rocks  and  minerals  that  were  accessi- 
ble upon  the  island.    The  identification  and  classification  of  these  may 
be  looked  upon  as  the  initiation  of  his  subsequent  scientific  studies. 
In  18G3  ho  entered  the  classical  course  of  Columbia  college.    Forced  by 
the  condition  of  his  eyes  to  suspend  his  studies  in  his  sophomore  year, 
he  spent  six  months  in  England,  the  impress  of  which  in  certain  choices 
of  language  and  methods  of  thought  remained  with  him  throughout 

*  This  Sketch  was  first  published  in  the  American  Geologist  for  January,  1887. 
28— A.  &  L. 
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hii  life.  On  Ub  letoni  he  WM  aUb  to  nsome  afcadlea,  tho^ 
neoMHoy  tlkt  the  groeter  part  of  the  texts  ahoold  be  read  to  Un. 
ThiB  ixrobebly  rtrengthened  %  vasaasfeTi  netiuaUy  zetentlve  and  drane 
him  to  meditative  and  independent  thought,  ainoe  he  wae  TniMMTnuaWj 
oat  off  from  indoigenoe  in  simple  acquisition.  A  foil  ooozse  in  the 
Sdhoolof  Minee,  of  Oolnmhla  College,  gave  him  the  teohnionl  fbonda- 
tion  for  his  fntoie  work. 

Daring  two  of  his  sommer  vacations  he  found  employment  and  pno- 
tioal  experience  in  the  ooal  mines  of  Wloonisoo,  Fenn.    Soon  aflar 
graduation  he  was  appointed  superintendent  of  the  smeltinii'  vrorka  at 
Oxeenville,  N.  J.    Following  this  he  was  employed  during  parts  of  two 
years  upon  the  Ohio  gedogioal  survey.    His  career  thus  far  had  lain 
chiefly  in  the  line  of  technical  work.    From  this  he  wae  tamed  aside 
in  1870  1^  a  call  to  the  department  of  geology,  mineralogy  and  metal- 
lurgy in  the  University  of  Wisconrin,  and  from  that  time  onward  his 
activities  took  two  parallel  lines,  instruction  and  investigation.    As  an 
instructor  his  work  was  characterized  by  thoroughness,  by  a  masterly 
command  of  the  subjects  he  taught,  by  oleamess  of  presentation  and  a 
graphic  and  humorous  exposition,  by  perfect  candor  and  sincerity,  fay 
earnestness,  devotion  and  indefatigable  industry — a  rare  combination 
of  qualitiee,  which  made  him  not  only  a  singularly  effective  instmctort 
but  a  worthy  leader  in  all  those  moral  and  manly  influencea  nidoh 
characterize  the  true  teacher. 

Professor  Irving's  first  independent  geological  investigation  consisted 
of  the  demo'.)9tration  that  the  Baraboo  quartzites  of  central  Wisconsin 
are  very  much  older  than  the  adjacent  upper  Cambrian  sandstone 
(Dikelocephalus  horizon),  which  was  at  the  time  a  battled  question.* 
Shortly  after  he  made  similar  investigations  on  the  quartzites  near 
Waterloo,  Dodge  Co.,  Wi8.t 

Upon  the  inauguration  of  the  recent  geological  survey  of  Wisconsin 
(1873),  Professor  Irving  was  appointed  one  of  the  three  commissioned 
assistant  geologists  and  began  his  well-known  investigations  in  that 
connection.  During  the  first  year  he  was  assigned  to  the  study  of  the 
Penokee  iron  range.  He  was  here  compelled,  at  the  outset  of  his 
official  career,  to  encounter  unwarranted  expectations  raised  by  pre- 
vious fiattering  opinions  respecting  the  richness  of  the  iron  deposits 
given  by  incautious  and  inexpert  explorers.  His  perfectly  candid  and 
unreserved  rei)ort  brought  the  usual  reward  of  frankness  and  sincerity 
in  the  face  of  opposing  desire,  at  first  a  storm  of  protest  and  of  adverse 

*0n  the  Age  of  the  Quartzit«r8,  SchistR  and  Conglomerates  of  Sauk  Co.,  Wis.,  Am. 
Jour.  Sci.,  VoL  III,  Art.  zv,  p.  08.  The  same  in  Trans,  of  Wis.  Acad,  of  Sci.  Arts  and 
Letters,  Vol.  II,  pp.  107-119. 

tNote  on  the  Aj;e  of  the  Metamorphic  Rocks  of  Portland,  Dodfce  Co.,  Wis.,  Am.  Jour. 
Set.,  Vol.  V,  Art.  xxxi,  p.  282. 
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critioism,  which  even  threatened  the  existence  of  the  survey,  later,  a 
sullen  acquiescence  in  the  truth,  and  finally,  an  admiration  for  the 
correctness  and  the  courage  of  the  position  taken  and  a  diversion  of 
enterprise  from  unprofitable  into  successful  lines  of  exploitation.  In 
the  second  and  third  years  of  the  survey  Professor  Irving's  field  em- 
braced the  Paleozoic  and  Archaoan  strata  of  central  Wisconsin.  In  the 
last  years  he  returned  to  the  Lake  Superior  field  and  laid  the  broader 
foundation  upon  which  nearly  all  of  his  subsequent  investigations  were 
based.  The  results  of  his  studies  in  this  official  relationship  are  re- 
corded in  the  four  volumes  of  the  Reports  of  the  Wisconsin  Geological 
Sui^ey  (187^1879).  Meanwhile  he  had  published  several  short  articles 
in  the  American  Journal  of  Science,  the  Transactions  of  the  Wisconsin 
Academy,  and  elsewhere.  Among  these  the  more  important  are  the  "Age 
of  the  Copper-Bearing  Rocks  of  Lake  Superior  and  the  Westward  Con- 
tinuation of  the  Lake  Superior  Synclinal."  *  "  Some  Now  Points  in  the 
Elementary  Stratification  of  the  Primordial  and  Cambrian  Rocks  of 
South  Central  Wi8Consin."t  '*  The  Stratigraphy  of  the  Huronian  Series 
of  Northern  Wisconsin,  and  on  the  Equivalency  of  the  Huronian  of  the 
Marquette  and  Penokee  Districts."  % 

In  1880  Professor  Irving  began  those  investigations  upon  the  geology 
of  the  Lake  Superior  region  for  the  United  States  government  which 
continued  until  the  time  of  his  death.  The  first  of  these  consisted  of 
a  comprehensive  study  of  the  copper-bearing  series,  the  results  of  which 
he  gathered  into  a  monograph  which  perhaps  stands  as  the  best  single 
expression  of  his  work.  §  This  was  the  first  approach  to  a  unified  and 
systematic  discussion  of  this  great  formation  occupying  a  tract  of  40,000 
square  miles  and  embracing  portions  of  Michigan,  Wisconsin,  Minnesota 
and  Canada.  Whatever  differences  of  opinion  may  continue  to  exist 
concerning  the  interpretation  of  the  debated  phenomena,  this  must 
ever  be  recognized  as  a  monument  of  industrious  and  able  investigation 
and  of  candid  and  careful  induction.  Following  these  studies  upon 
the.  copper-bearing  series,  Professor  Irving  took  up  in  a  correspond- 
ingly comprehensive  manner,  the  investigation  of  the  iron-bearing  for- 
mations of  the  Lake  Superior  region  and  their  O/Orrelation  with  each 
other  and  with  the  original  Huronian  of  Canada.  Ui)on  this  work  he 
was  engaged  at  the  time  of  his  death.  He  had  in  preparation  and 
nearing  completion  a  monograph  ui)on  the  Penokee-Gogebic  range  and 
had  well  in  hand  a  large  amount  of  material  relating  to  the  Marquette, 
Menominee  and  Vermilion  Lake  series,  as  well  as  the  original  Huronian 
and  Animike  groups.    His  loss  at  this  fruitful  stage  of  his  work,  incal- 

•  Am.  Jour.  Scl.,  Vol.  VIII,  Art.  vli,  p.  48, 1874. 

t  Am.  Jour.  Scl.,  Vol.  IX,  Art.  vli,  p  440, 1875. 

$Am.  Jour.  Scl.,  Vol.  XVn,  Art.  xlix,  p.  393, 1879. 

%  *'  Copper-Bearing  Rocks  of  Lake  Superior."    Monograph  V.,  U.  S.  Geol,  Survey,  1883. 
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culable  as  it  is,  mi^ht  have  been  still  greater  but  for  the  fact  that  all 
his  material  passed  into  the  hands  of  his  co-laborer,  Professor  Van  Hise, 
who  is  intimately  familiar  with  his  unwritten  as  well  as  written  views. 

Some  of  Doctor  Irvinp^'s  leading  conclusions  from  his  later  studies 
were  set  forth  in  his  presidential  address  before  the  Wisconsin  Acad- 
emy of  Sciences,  Arts  and  Letters,  entitled  "  DiAdsibility  of  the  Aarchaean 
in  the  Northwest,"  *  and  more  especially  in  the  following  very  notable 
papers:  "  Preliminary  Paper  on  an  Investigation  of  the  Archaean  For- 
mations of  the  Northwestern  States," f  "On  the  Classification  of  the 
Early  Cambrian  and  Pre-Cambrian  Formations;  A  Brief  Discussion  of 
Principles;  Illustrated  by  examples  drawn  mainly  from  the  Lake  Su- 
perior Region,"  J  "  Origin  of  Ferruginous  Schists  and  Iron  Ores  of  the 
Lake  Superior  Region,"  jj  "Is  there  a  Iluronian  Group?  "IJ  and  the 
introduction  to  Bulletin  Number  02  of  the  U.  S.  Geological  Survey, 
"On  the  Greenstones  of  the  Menominee  and  Marquette  Re^ons,"  by 
Dr.  G.  II.  Williams. 

During  those  later  years  in  which  ho  was  chiefly  engaged  upon  mono- 
graphic studies,  he  published  numerous  special  papers,  amon^  which 
the  more  important  were,  "  On  the  Nature  of  the  Induration  of  the  St. 
Peter's  and  Potsdam  Sandstones,  and  of  certain  Archeean  Quartzites  in 
Wisconsin,"*  " Paramori>hic  Origin  of  the  Hornblende  of  the  North- 
western States,"  t  "  On  Secondary  Enlargements  of  Mineral  Fra^rments 
in  Certain  Rocks  "  %  (jointly  with  Professor  C.  R.  Van  Hise),  and  "  The 
Junction  Between  the  Eastern  Sandstone  and  the  Keweenawan  Series 
on  KeweoiKiw  Point '"ij  (jointly  with  Prosidont  Chamberlin). 

Professor  Irvine's  greatest  eoiitributions  to  science  lay  in  the  depart- 
ment of  structural  geology  and  genetic  petrography.  His  invostiga- 
tious  upon  the  great  copper  and  iron-bearing  series  and  the  adjacent 
formations  of  the  I^ake  Superior  region,  constitute  a  contribution  of 
the  first  order.  The  deep  sym])ath5'  of  the  present  WTiter  with  Pro- 
fess<u'  Irving*s  views  on  questions  that  have  been  su))jocts  of  divergence 
of  ()i)inion  should  perhaps  restrain  him  from  a  full  expression  of  his 
appreciation  of  the  profound  value  of  this  work,  lest  a  color  of  personal 
partiality  be  thrown  over  this  sketch,  but  it  is  not  too  much  to  as>;ert 
that  supporter  and  opponent  alike  recognize  the  ability  which  hfis  char- 
acterized these  investigations,  and  the  high  order  of  value  which  must 
attach  to  them  whatever  interi>ix>tations  may  finally  prevail. 


♦Am.  Jour.  Soi.,  Vol.  XXTX,  pp.  237  i>IO.  1SS5. 

tU.  S.  Oeol.  Survry,  Fifth  Annual  Rt'iK.rt.  pp.  lSl-241,  1SS5. 

JU.  S.  (Jool.  Surv.«y,  Seventh  Annual  Roix)rt,  1S«<). 

•i  Am.  Jour.  Sci..  Vol.  XXXU,  p.  255,  ISSC. 

T  Am.  Jour.  Sci.,  Vol.  XXXEV,  pp.  ai4-249,  ISST. 

♦Am.  Jour.  Sci.,  Vol.  XXV,  p.  401,  \^^. 

t  Am.  Jour.  Sol.,  Vol.  XXVI,  p.  321,  lSft3. 

X  U.  S.  Geol.  Survey,  Bulletin  No.  8. 

%  U.  S.  Geol.  Survey,  Bulletin  No.  23. 
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In  the  line  of  petrographic  genesis  Professor  Irving  made  two  very 
notable  contributions,  first,  the  demonstration  of  the  prevalence  and 
importance  of  the  secondary  growth  of  certain  fragmental  constituents 
of  clastic  rocks  and  the  crystallographic  co-ordination  of  the  additions 
with  the  nuclear  particles.  The  existence  of  such  a  second  growth  in 
quartz  grains  was  an  earlier  discovery  of  others  but  was  hit  upon  by 
him  independently.  Jointly  with  his  co-laborer,  Professor  Van  Hise,  he 
demonstrated  a  similar  second  growth  of  hornblende  and  other  min- 
erals and  showed  that  such  rebuilding  was  a  prevalent  process,  consti- 
tuting an  important  element  in  those  changes  heretofore  designated 
metamorphic,  thereby  contributing  an  important  factor  in  the  elucida- 
tion of  that  mysterious  process. 

Perhaps  the  most  important  single  determination  by  Professor  Irving, 
and  one  of  his  latest,  was  the  demonstration  of  the  origin  of  the  iron 
ores  of  the  Lake  Superior  region.  By  a  series  of  admirable  investiga- 
tions he  traced  step  by  step  the  transformation  of  the  ores  from  original 
earthy  carbonates  of  iron  to  their  present  forms,  and  made  it  altogether 
dear  that  they  were  primarily  deposited  as  sediments  in  a  manner 
closely  similar  to  that  of  the  iron  ores  of  the  Coal  Measures.  This  dis- 
covery has  given  added  significance  to  the  association  of  these  ores 
with  carbonaceous  shales,  and  has  led  to  the  recognition  of  the  iron- 
becuing  series  as  marking  in  some  sense  a  pre-Cambrian  carboniferous 
period. 

The  characteristics  of  Professor  Irving  as  a  scientific  investigator 
and  writer  are  too  well  known  to  the  readers  of  this  magazine  to  need 
analysis  here.  Personally,  to  those  who  came  within  the  circle  of  his 
intimate  acquaintance,  he  possessed  rare  charms  of  character.  Sincere, 
frank,  conscientious  in  the  highest  degree,  he  was  a  warm  and  true 
friend.  Possessed  of  a  rollicking  brusque  humor,  his  intercourse  was 
marked  by  a  freshness  that  was  a  source  of  constant  enjoyment  and 
attraction  to  his  intimate  associates.  No  phrase  better  expresses  it 
than  picturesqueness.  Modest  and  retiring,  the  number  of  his  close 
friends  was  not  large  but  their  attachment  to  him  was  strong.  The  full 
strength  of  these  attachments  has  only  been  realized  in  their  breaking. 

He  leaves  a  wife,  a  daughter  and  two  sons.  The  artistic  skill  of  Mrs. 
Irving  appears  in  some  of  the  sketches  and  particularly  in  many  of  the 
microscopic  illustrations  of  her  husband's  works. 
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WILLIAM  FRANCIS  ALLEN. 

Late  President  of  the  Wisconsin  Academy  of  Sciences,  Arts  and  Letters. 


By  JAMES  D.  BUTLER. 

William  Francis  Allen  was  bom  September  5, 1830,  and  died  Decem- 
ber 9,  1889.  His  birth  was  in  Northborough,  a  Massachusetts  village, 
thirty-jBve  miles  from  Boston;  his  death  was  in  Madison.  He  grad- 
uated at  Harvard  University  in  1851.  His  preparation  for  college  was 
made  at  home  in  a  school  taught  by  his  father,  also  a  Harvard  graduate, 
and  a  Unitarian  pastor.  For  three  years  he  gave  instruction  at  New 
York  city  in  a  private  family,  and  then  in  1854  went  abroad.  He  was  for 
one  year  a  student  in  the  universities  of  Berlin  and  Gottingen.  The 
following  winter  he  spent  in  Rome,  and  the  spring  in  Greece,  returning  to 
America  in  June,  1856.  During  the  next  seven  years  he  was  one  of  the 
principals  of  a  classical  school  near  Boston,  at  West  Newton.  Late  in 
1863,  accompanied  by  his  wife,  married  the  year  before,  he  went  to  South 
Carolina  in  the  employ  of  the  Freedman's  Aid  Association.  After  a  half 
year  of  pioneer  work  in  the  education  of  negroes  he  came  north,  but  very 
soon  repaired  to  Arkansas  as  an  agent  of  the  Sanitary  commission.  This 
service  was  over  early  in  1865,  and  in  the  spring  he  returned  to  South 
Carolina,  where  he  served  till  the  close  of  the  school  year  as  a  superin- 
tendent in  Charleston.  The  next  two  years  he  taught,  first  in  Antioch 
college,  Ohio,  and  then  at  a  military  academy  in  New  Jersey.  His  first 
wife  died  in  1865,  and  after  three  years  he  re- married. 

Professor  Allen  was  a  religious  man.  He  was  the  true  founder  of  the 
Unitarian  church  in  Madison.  His  life  was  a  sermon  of  admonition  and 
a  hymn  of  praise.  The  training  of  his  children,  a  daughter  by  the  first 
marriage  and  throe  sons  by  the  second,  was  a  rare  specimen  of  personal 
assiduity.  His  nature  was  so  far  from  doing  harms  that  he  suspected 
none,  and  his  faith  in  the  doctrine  of  depravity  may  hence  not  have 
been  orthodox.  Notwithstanding,  no  more  stinging  censure  smote  Fisk 
and  Tweed  than  fell  from  his  lips. 

His  coming  to  Wisconsin  was  in  1867.  In  that  year  he  accepted  a  call 
to  the  state  university.  Ilis  chair  was  at  first  called  that  of  Ancient 
Languages  and  History,  afterwards  Latin  and  History,  and  for  the  last 
four  years  of  his  life  History  alone.  In  this  Northwest  he  found  the 
niche  he  was  ordained  to  till  —  for  his  teachings  here  his  whole  past  life, 
studies  at  home  and  abroad,  early  training  and  varied  school  experi- 
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encofl  —  proved  an  iidmirable  preparation.  How  well  ho  paid  for  more 
than  a  scjoro  of  years  the  educational  debt  duo  to  his  profession  it  is 
needless  to  siiy.  Witnesses  abound  on  over>'  side.  They  a^ree  that  he 
gave  much  information,  but  that  in  a  way  which  inspired  more  than  it  in- 
formed. It  was  a  favorite  maxim  with  Prof.  Allen  that  "  moral  educa- 
tion cannot  be  absent  from  any  living  system,  that  the  only  foundation 
of  thoroughness  in  study  is  that  virtue  whicli  embraces  a  larfir^r  share  of 
human  duties  witliin  its  deQnition  than  any  other  —  faithfulness."  Ex- 
emplifying in  himself  the  virtue  he  praised,  he  became  an  inspiration  to 
many  a  student  —  filling  him  with  a  life-long  delight  in  whatsoever 
things  are  true,  honest,  just,  pure,  lovely,  virtuous  and  praiseworthy. 
Seeing  him  always  an  eager  learner,  his  pupils  became  themselves  the 
more  eager  to  learn. 

While  faithful  to  all  details  of  his  instructional  routine.  Prof.  Allen 
was  a  voluminous  author.    The  Ijibliography  of  his  writings,  in   his 
Memorial  volume,  fills  thirty  pages  and  comprises  more  than  nine  hun- 
dred articles.    We  do  not  wonder  that  the  numl)er  is  multitudinous,  for 
many  of  the  articles  were  brief,  so  much  as  at  their  diversified  nature; 
titles  are  arranged  under  thirty  specific  heads,  but  some  of  them  find 
their  proper  place  only  under  yet  another  division  styled  Miscellaneous. 
Before  we  run  our  eyes  over  a  tithe  of  the  topics  we  feel  that  the  author, 
who  never  wrote  on  a  subject  he  ha«l  not  investigated,  was  a  multifarious 
scholar- -a  niro  stirvival    of  what   fonnor  g(»noratious  calloil   a   poly- 
mathist.    Wi>  aro  surprisod  thnt  ho,  :i  r(H*lus<'  strhohir,  touched  society  at 
so  many  points.     ]!♦»  tn^nt ivl  of  sluvo  sonLfs;  jm/l  tho  noirro  dial«*or.  aii.l  of 
Latin    i^'iMni'iiar    as    w '11       now   of    ArisJop'rin.'^   jin-l   t!ion    of     L'ii«'lo 
Renins      hrn'  of  tln'  snikf  <lan<M»  in  Arizona,  an«l  anon  of  a    lay  with  a 
Roman  ir«Mi11:'nian.     Tf»'  <ln*\v  cai'h  clianir*'  <»f  niany-coloro-l  lift'. 

After  all,  onr  f<M-lini,'  is  Diat  Prof.  Allfii  was  first,  last  au(]  ehiolly  ;in 
historian.  A  Lrr»'at  majority  of  his  i)aiM'rs.  wlu'ther  in  porio'lieal.^.  or  th«* 
Madison  Lit«»rary  C/Inl)  or  in  onr  A<'atl«'Tny.  w<'r<.»  liistorical.  If  Ik*  wroto 
upon  Sliak«'sp(?arp  his  thrmes  were  tlw*  historieal  plays.  Tf  liis  tlicmt^ 
was  Novels,  it  was  hisi(M*ieaI  lietion.  His  twenty  loetaros  in  Johns  Hop- 
kins Univ(!rsity  w«*re  liistoric.  His  editions  of  elassies  wore  mainly  his- 
torical Jintliors.  Wliat«'ver  th«»  snl).jt"et  that  came  before  him  his  vi»fw  of 
it  was  historic,  Kvrry  fa(»t  in  his  mind,  if  i)ast,  had  made  histt>ry:  if 
present,  was  makiniT  history,  and  if  futnre.  was  about  to  make  lii^tory. 
Thus,  thron.ixh  its  n-lations.  and  thus  only  ha«l  any  fact  value  for  him. 
All  were  but  parts  of  a  stni)endons  whole. 

From  Prof.  Allen's  early  sojourn  in  R<.>iue  ns  well  as  the  nature  of  his 
academic  and  university  teaching,  Ivoman  history  became  predominant 
in  his  thon^dits.  studies  and  writ iuL's.  A  Inindred  of  his  publishod  ar- 
ticles on  as  many  aspects  of  this  vast  department  each  shed  some  side 
light   upon   it.     His  editions  of  C'tesar  an<l  Tacitus,  witli   notes  ui)on 
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them,  his  classes  in  Sallust  and  Ldvy  equipped  him  fully  for  writing  with 
classic  taste  and  terseness  his  own  Short  History  of  the  Roman  People^ 
the  crowning  key-stone  in  the  arch  of  his  authorship  —  in  penning  the 
last  line  of  which  he  ceased  at  once  to  work  and  live.  Nay,  rather,  he 
still  lives,  for  we  are  instinctively  prompted  to  apply  to  him  the  touch- 
ing words  which  he  taught,  edited,  and  loved  so  well:  Quicquid  ex  Agri- 
eola  amavimuSt  quicquid  mirati  9umu8,  manet,  mansurumque  est  in  ani- 
mis  hominum. 


■   t 
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LUCIUS  HERITAGE. 


By  henry  doty  MAXSON. 

Lucius  Heritage,  son  of  Isaac  C.  and  Margaret  S.  Heritage,  was  bom 
Dec.  21,  1848,  in  Walworth,  Wisconsin.  In  childhood  his  family  removed 
to  JViilton,  where  he  spent  a  large  portion  of  his  life.    The  death  of  his 
mother  in  1864,  led  to  a  suspension  of  his  studies  and  a  temporary 
abandonment  of  his  purpose  to  prepare  himself  for  a  profession.    He  ac- 
cordingly became  apprenticed  to  learn  the  wagon-maker's  trade,   and 
spent  three  years  in  this  employment.    His  native  taste  for  the  things 
of  the   intellect  led  him,  however,  to  embrace  an  opportunity  to   re- 
sume his  studies,  and  he  entered  Milton  College  in  1869.    Completing 
the  Teacher^s  Course  in  that  institution  in  1872,  he  taught  Latin  for  a 
short  time  in  the  St.  Paul  High  School,  and  then  returned  to  MUton  to 
receive  his  diploma  from  the  Classical  Course,  in  1875.    In  the  faU  of 
that  year  he  became  first  assistant  of  Mr.  Albert  Markman,  in  the   Mil- 
waukee Academy,  where  lie  remained  one  year.    It  was  my  fortune  after 
au  interval  of  several  years  to  sin'ceed  him  in  this  position,  and  I  found 
his  reputation  for  character  and  scholarship  still  very  vivid  in  the  tradi- 
tions of  the  school.    lie  was  pretty  iinit'ormly  Mr.  Markham's  standard 
of  comparison  in  speaking  of  the  qnalilh^.ations  of  a  teacher.    *'As  good 
a  man  as  IleritaKe,"  was  the  highest  compliment.    In  the  fall  of  ISTG  he 
sailed  for  Germany,  where  he  spent  a  little  over  two  years  as  a  student 
in  Gottingen,  Halle  and  Leipsic.    In  the  year  after  his  return  he  was 
married  to  Miss  Ruth  G.  Maxson,  who  survives  him,  with  one  son,  their 
only  child,  born  in  1885.    It  was  during  his  temporary  residence  in   Mil- 
ton in  JSTO,  that  I  first  knew  him.    Our  acquaintances  are  usually  many: 
but  the  circle  of  friends  who  really  enter  the  current  of  our  life  and 
make  vital  contributions  to  our  character  and  thought,  must  always  be 
small.    It  was  my  fortune  from  this  time  until  his  death,  to  number 
Prof.  Heritage  among  these  companions  of  the  soul.    In  1870  he  was  ap- 
pointed Latin  tutor  in  the  University  of  Wisconsin.    Prof.  W.  P.  Allen, 
who,  but  for  his  untimely  death,  would  have  prepared  a  worthier  biog- 
raphy than  I  am  al)le  to  furnish,  wrote  soon  after  the  death   of   Mr. 
Heritage  that  when  he  became  a  candidate  for  the  instnictoi*ship  in 
Latin,  the  University  faculty  were  already  predisposed  in  his  favor  on 
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account  of  the  way  in  which  he  acquitted  himself  at  an  inter-state 
oratorical  contest  held  in  Madison  some  years  before.  "I  remember 
nothing  about  the  contestants  or  their  subjects,"  says  Prof.  Allen,  "ex- 
cept that  the  delegate  from  Milton  College  attracted  our  attention  by 
his  intellectual  countenance  and  fine  bearing."  In  1882,  he  was  elected 
Assistant  Professor  of  Latin,  and  four  years  later  was  placed  in  full 
charge  of  the  department.  In  1883-4  he  spent  another  year  in  Germany, 
for  the  purpose  of  pursuing  some  special  studies.  Throughout  his  life 
he  was  a  hard  worker  at  whatever  he  undertook.  Xever  robust,  he  un- 
doubtedly  overtaxed  his  strength  by  intense  application  to  his  studies. 
For  several  years,  though  he  himself  displayed  great  confidence  and 
courage,  his  immediate  friends  had  been  solicitous  about  his  health;  and 
when  a  threatened  attack  of  pneumonia  prostrated  him  in  November, 
1888,  they  feared  that  the  end  was  not  far  off.  lie  rallied,  however,  and 
for  a  short  time  resumed  his  work  in  the  University,  but  was  soon  com- 
pelled to  relinquLsli  it,  and  started  on  a  Southern  trip  in  the  hope  of 
regaining  his  health.  The  effort  was  fruitless.  He  died  in  Redlands, 
California,  May  14, 1889. 

Prof.  Heritage  wrote  very  little  for  publication.  His  most  important 
literary  work  was  an  edition  of  the  Dialogues  of  Tacitus,  which,  at  the 
time  of  his  death,  he  had  been  for  some  years  engaged  in  preparing. 

It  seldom  happens  that  the  nil  nisi  venim  of  the  biographer  becomes 
more  nearly  one  with  the  7iil  nisi  boaum  of  the  eulogist  than  in  the  case 
of  Mr.  Heritage.  Of  an  exceptionally  keen  and  accurate  mind,  he  was 
no  less  distinguished  for  the  integrity  of  his  character. 

His  work  as  a  pupil  and  a  teacher  I  know  only  at  second  hand.  Of 
the  latter  Prof.  Allen  wrote:  "Under  his  charge  the  Latin  department 
has  advance<l  steadily  in  thoroughness  and  breadth  of  training.  iVs 
every  year  I  have  taken  some  of  the  higher  classes  in  Latin,  I  have 
noticed  a  marked  improvement  from  year  to  year  in  the  quality  of  the 
scholarship,  especially  in  the  capacity  of  ready  and  correct  translation. 
His  power  as  a  teacher  was  very  great.  Ho  won  the  affection  and  con- 
fidence of  his  classes  in  the  highest  degree,  and  was  as  distinguished  for 
firmness  and  strictness  as  for  courtesy  and  fairness." 

While  capable  of  making  a  thoroughly  creditable  appearance  in  public, 
and  always  holding  the  attention  of  his  hearers  by  his  clearness  in  both 
thought  and  expression,  he  did  not  seek  publicity.  He  was  essentially 
a  man  of  the  study.  The  energy,  which  with  many  gifted  people  largely 
spends  itself  in  more  ostentatious  ways,  with  him  was  rather  employed 
in  enlarging  and  refining  his  personal  culture.  And  thus  the  informal 
contacts  of  intimate  friendship  became  a  source  of  keen  delight.  It  was 
in  this  phase  of  his  life  that  I  know  him  best.  Conversation  with  him 
was  always  enriching.  Ho  approached  a  question  not  in  the  role  of  a 
debater,  but  of  an  inquirer.    As  far  as  the  interests  of  truth  are  con- 
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cemed,  debate  is  for  tliose  directly  engaged  iu  it  worse  than  profltless, 
and  it  was  repugnant  to  liis  temper.  He  was  natundly  restrained  from 
taking  the  attitude  of  the  advocate  both  by  the  judicialness  of  his  mind 
and  the  CAudor  of  liis  character;  and  this  disposition  was  powerfully  re- 
enforced  by  a  discriminating  intellect  whicih  refused  to  ignore  identities 
or  confuse  distinctions.  Add  the  command  of  a  copious  aud  precise 
vocabulary,  and  his  equipment  for  enjoyable  and  iastructi ve  conversation 
was  complete.  It  was  almost  a  luxury  to  have  him  occasionally  hesitate 
for  a  word.  It  gave  one  a  moment  to  enjoy  in  anticipation  the  right 
word  which  was  sure  to  come. 

While  by  nature  a  man  of  the  study,  he  by  no  means  lacked   interest 
in  matters  of  public  concern,  and  the  interest  was  of  a  decidedly  practi- 
cal rather  than  of  a  merely  academic  character.    Politics  he  greatly  en- 
joyed, not  at  all  as  a  trade,  nor  yet  merely  as  a  science,  but  more  still  as 
a  field  for  effort  in  the  line  of  promoting,  or  trying  to  promote,  the  com- 
mon good.    While  he  couhl  never  become  a  partisan,  he  was  always 
anxious  to  actively  identify  himself  with  any  organized  effort  to  reform 
or  purify  our  public  life.    The  temperance  problem  and  other  social 
questions  of  importance  in  our  day  provoked  earnest  study,  and  when 
the  lino  of  action  seemed  clear,  eutluisiastic  devotion.  If  he  ever  seemed 
to  any  one  lacking  in  public  participation  in  reformatory  work,  that  fact 
must  be  set  down  to  the  impartiality  of  his  mind,  which  insisted  on 
seeing  both  sides  of  the  shield ;    Jiud  timt   impaT'tiality  was  greatly 
streiiirthfiied  l)y  an  alort  and  delicate  sense  of  humor    a  quality  of  great 
servic'',   uot  (Mily   in  unviii;^'  sparkle  to  sixH'eh,  but  also  in  restraining 
from  absurdity.     ///  mr^Hn  fnli.-^filinins  ihis  was  not  with  him  tlie   maxim 
of  a  caU'ulatiiK  pru'leiiee.     It  rather  represented  the  native  temper  of 
tlu.'  man. 

Of  those  ihMrfxM-  and  more  diflieult  themes  which  we  call  relitrious,  we 
spoke  I'reiinently  and  fivnly.  Mr,  Hei'itage  shrank  from  no  light  which 
the  most  thoroii;,'h-g()inK  rationalism  could  shed  on  th*^  problems  of  life. 
But  throu«^di  all  this  unrestrained  communion  of  thought  and  in- 
quiry. 1  never  found  his  faith  to  falter  in  the  undei'lyiug sanity  of  things, 
the  eternal  purpose  which  runs  through  all,  and  gives  to  human  effort 
and  character  an  immortal  meaning.  That  jmrpose  was  most  beauti- 
fully displayed  in  his  life.  We  may  well  believe  that,  though  not  fully 
revealed  to  our  eyes,  that  purpose  has  with  no  less  beauty,  been  working 
itself  out  in  his  death. 
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H.  D.  MAXSON. 


By  prof.  J.  W.  STEARNS. 

Rev.  Henry  Doty  Maxson,  vice-president  of  the  Wisconsin  Academy 
of  Sciences,  died  suddenly  at  Eau  Claire,  Nov.  23,  1891.  llis  connection 
with  the  Aciidemy  had  not  been  lonK,  but  the  transparent  sincerity  of 
the  man  and  his  complete  devotion  to  the  highest  aims,  had  made  a 
strong  impression  upon  its  members.  >Ir.  Maxson  was  born  in  De  Ruy- 
ter,  New  York,  of  Seventh  Day  Baptist  family,  and  the  wish  of  his 
parents,  and  his  own  early  choice,  destined  him  for  the  ministry  in  that 
denomination.  Accordingly,  he  was  in  due  time  sent  to  the  denomina- 
tional college,  at  Alfred,  N.  Y.,  to  commence  his  i)reparation.  But  before 
the  end  of  his  first  year  a  great  change  had  gradually  taken  place  in  his 
convictions;  and  he  acted  upon  it  with  the  frankness  which  always  char- 
acterized him,  by  renouncing  his  cherished  plans  and  returning  to  his 
home.  I  have  heard  him  relate  with  much  emotion  the  struggle  it  cost 
him  to  take  this  step,  because  of  the  pain  which  he  knew  it  would  cause 
his  mother.  It  seeme<l  to  separate  him  from  his  parents,  and  to  cut  off 
for  the  present  the  hope  of  a  college  education,  of  which  he  was  very 
desirous.  Fortunately  these  results  which  he  dreaded  did  not  follow, 
and  in  due  time  he  graduated,  in  1877,  from  Amherst  college.  He  took 
the  lead  of  his  class  in  college.  He  was  not  only  at  the  head  of  it  in 
scholarship,  but  also  in  character,  a  marked  man  to  whom  his  class- 
mates looked  with  affectionate  esteem  and  almost  with  reverence.  He 
came  to  Wisconsin  as  a  teacher,  and  was  employed  first  at  Milton  col- 
lege, then  at  Markham's  Academy,  in  Milwaukee,  and  afterward  for 
nearly  five  years  as  Institute  conductor  for  the  State  Normal  School  at 
Whitewater.  This  service  brought  him  into  connection  with  a  large 
body  of  young  people  upon  whom  his  influence  was  strong  and  inspir- 
ing. His  genial  manners,  and  his  kindly  interest  in  them  and  their 
pursuits  made  warm  personal  friends  of  his  pupils.  He  stood  before 
them  a  refined  gentleman,  of  quick  sympathies,  thorough  scholarship, 
and  lofty  aims,  and  they  were  broadened  and  uplifted  by  the  intercourse 
with  him.  In  the  spring  of  1888  he  became  pastor  of  the  Unitarian 
church  at  Menomonie.  Here  he  accomplished  remarkable  results  in  a 
very  short  time.    The  magnetism  of  the  man  was  quickly  felt,  and  drew 
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about  him  •  Strang  foUowfaiff;  mi4  BIbte  oliMeii, »  Mndargarten,  a  gy»- 
nasiiiinf  ft  litenuT  Moialy,  ft  poUlo  Ubniy,  inwe  and  lloarlfllfted  andar 

Us  inqdiatlon.     Mi»-  VLmsmmnn  waft  an  nntiriTig  wnrfcar  fiiy<:l>^KpigMMl<mfa^ 

of  homaa  lifo  and  the  refining  of  hnman  natorSi  Although  a  olosa 
stndent  himself,  there  was  nothing  of  the  reehise  about  him.  On  the 
oontraxy,  he  adapted  himself  with  a  sore  insi^lit  to  men  of  the  meet 
direrae  types,  and  enjoyed  deeply  the  opportonitles  of  aervloeto  otfasn 
which  his  position  offered  him.  Tlins  in  a  brief  life-time  he  was  ouUled 
to  aooomplish  a  notable  work.  Members  of  this  sodetj  are  familiar  with 
his  oharaoteristias  as  a  pabUo  speaker.  His  direct  and  truth-loiving 
nature  I  shone  oat  in  his  disooorse.  Yon  felt  that  a  stronff ,  alnoere,  eol- 
tored  man  was  talking  to  yoo,  and  talking  dUreotly  to  the  pointy  with  a 
trae  insist  and  a  laige  charity.  He  captivated  yoa  with  the  many- 
sidedness  of  his  thoorfit  and  the  abnndance  of  the  reaoaroeB  from  whieh 
it  was  illnstrsted  and  enforced.  Those  who  had  bat  a  aliglit  aoqpiaint- 
anoe  with  him  felt  the  charm  of  his  character,  while  those  who  enjoyed 
his  intimacy  f oand  in  him  the  best  inqyirstions  of  a  noble  numliood. 
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List  of  Societies,  Institutions,  etc,  with  which  the  Wis- 
consin Academy  Exchanges  Publications. 


An  *  indicates  that  the  society  has  been  recently  placed  on  list. 


Argentine  Republic— 

Buenos  Ayres.    Oficina  Meteoro- 

logica  Argentina. 
Cordoba.    Academia  Nacional  de 

Ciencias  en  Cordoba. 

AuBtralia— 

Sydney.  (New  South  Wales.)  De- 
partment of  Mines. 

Austria— 

Brieg.  (Silesia.)  Naturforschende 

Oesellschaft. 
Graz.      (Styria.)       NaturwLssen- 
schaftliche  Verein  f Qr  Steier- 
mark. 
Gorlitz.    (Silesia.)     Naturforsch- 
ende Oesellschaft. 
Prag.     (Bohemia.)     Die    kdnlgl. 
bdhmische   Oesellschaft   der 
Wissenschaften. 
"*'ienna.      K.   k.    Akademie    der 
Wissenschaften. 
Zoologisch-Botanische    Oesell- 
schaft. 
K.  Akademie  d.  Wissenschaften. 
K.    k.    Naturhistorisches  Hof- 

museum. 
*K.  k.  Cxeologische   Reichsan- 
stalt. 


Belgium  — 

Brussels.     Soci6te  Royale  Mala- 

cologique. 
Liege.  Society  Royale  des  Sciences 
Mons.    Soci6t6  des  Sciences  des 

Arts,  et  des  Letters  du  Hain- 

aut. 

Brazil  — 

Rio  Janeiro.    Museu  Nacional  do 
Rio  de  Janeiro. 
Institute  Historico  e  Oeograph- 
ico  Brazileiro. 

Canada— 

Halifax.  (Nova  Scotia.)  Nova 
Scotia  Institute  of  Natural 
Sciences. 

Hamilton.  Hamilton  Associa- 
tion. 

Montreal.  Natural  History  So- 
ciety. (The  Canadian  Record 
of  Science.) 

Ottawa.  Ottawa  Normal  SchooL 
"The  Ottawa  Naturalist." 

Toronto.  The  Canadian  Insti- 
tute. 

ChlH  — 

Santiago.  Deutsche  Wissen- 
schaftliche  Verein. 
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China — Continued. 

Obsen^atorio  Astronumico. 
Oficiua  Central    Meteorolojica 
de  Chile. 

Denmark  — 

Copenhagen.  Kongelige  Danske 
Videuskabemes  Selskabs. 

Engrland  — 

London.      Bernard  Quaritch,   15 
Piccadilly  W.,  London,  Eng- 
land. 
British  Museum. 
The  Royal  Society. 

Manchester.  Manchester  Liter- 
ary and  Philosophical  So- 
ciety. 

Xewcastle-upou-Tyue.  North  of 
England  Institute  of  Mining 
and  Mechanical  Engineers. 

Finland  — 

Helsingfors.    Smnete  des  Sciences 

do  t'lulaudo. 
Finskji  Veteu»<kaps-Societetens. 
Observatoiro     Mainit-tique     et 

Mt'toorologiquo. 
Fiiiska  Votou'^^kabs-Societeten. 

France  — 

Amiens.    Societe  Linneenne  du 

Xonl  de  la  France. 
Bordeaux.    Academie    Imporiale 

dos  Si'iencos,  Belles  Lett  res 

et  Arts. 
Caen.    LWcademio  Xationale  des 

Sciences,  Arts  ot  Belles-Let- 

tivs. 
Dijon.    Academie   dos    St*iences. 

Arts  et  Boll  OS  Lettros. 


France^  Continued. 
Le  Mans.    Societe  d'Ai^culti 

Sciences  et  Arts  de  la  Sart 
Lyon.    Academie    d€^s    Scieni 

Belles  Lettres  et  Arts. 
Moutpellier.    Academie  des  S 

ences  et  Lettres. 
Paris.   Annuaire  GeoloKique  U 

versel  (M.  M.  Carez  et  I> 

viUe,  15  Rue  de  Toumon). 
Rouen.    Societe    des    Amis    < 

Sciences  Xaturelles. 


Germany  — 
Bamberg.    Xaturforschende  G 

sellschaft. 
Berlin.    *  Deutsche    geologise] 

Oesellschaft. 
Kaiserliche  Gesundheitsamte 
Zeitschrift     der      Gesammt< 

Xaturwissenschaften. 
Bonn.    Xaturhistorische    Vere: 

dor  Preussischen  Rheiulanc 

u.  Westfalens. 
Bremen.   Naturwissenschaftlicl 

Verein. 
Braunschweig.   Verein  fur  Xatn 

wissonschaft. 
Bruun.    Xaturforschende  Verei 
Cassel.    *  Verein  fCir  Xaturkund 

*  Realschule. 
Danzig.   Xaturforschende  Gesel 

schaft. 
Dresden.  Die  Xaturwissenschaf 

liche  Oesellschaft  Isis. 
Elberfeld.        Xatur\¥issenschaf 

liche  Verein  in  Elberfeld. 
Emden.    ^Friesland.^     Xaturfo; 

schende  Gesellsohaft. 
Frankfurt    a.>L      Physikaliscfc 

Verein. 


/ 


List  of  CorrespondiHg  Societies. 


^nn  any— Continued. 

Holland  — 

Freiburg,    Naturforachende  Ge- 

sellschaft. 

Geiasen.     Oborhessisohe    GeseU- 

's-Gravenbage.       Nederlandsobe 

BChaft. 

MaatscbappiJ  ter   Bevorder- 

GettiiKteu.    Kgl.GoaeUschaftder 

ingvan  Xijverheid. 

Wiseenschaften. 

Haarlem.    MusteTeyter. 

HaUe.    (Prussia.)  Zeitschrift  ftlr 

Boi-ikth    HoUandaise    des   Sci- 

Naturwissenschatten.      (Dr. 

ences  A  Haarlem. 

0.  Luedecke.) 

Kaiserliche     Leopold!  no -Caro- 

schap  der  Proefondervindel- 

liniscbe  dentsche  Akademie 

ijke  Wijsbegeerte. 

der  Naturiorscher. 

Utrecht.    Provinciaal  Utrechtsch 

Heidelberi?.  Xaturhistoriseti-Med- 

Genootschap     van    Kunsten 

iziusohe  Verein. 

Jena.    •  Univeraity  of  Jena. 

KoninkUjk  Nederlandsch    Me- 

Medicinisoh-Naturwissenachatt- 

teorologwcb  Imstitut. 

liohe  Qesell-schaft. 

Kiel    University  of  Kiel. 

KonigHberg.   *UmTerslty  of  Kon- 

Hangar;  — 

igsberg. 

Budapest.    Bureau  of  Statistics 

l^eipzig.    (Saxony.)     Verein    fQr 

of  the  Capital  City  Budapest. 

Erdkuude. 

Magdebui^.  *  Naturwissenschaft- 

Ucbe  Yeroin  zu  Magdeburg. 

Ireland  — 

Mannheim.     Verein   fOr   Natur- 

Dublin.    Royal  Irish  Academy. 

kunde. 

Royal  Dublin  Society. 

Metz.    LWcademie  de  Metz. 

Munich.      K.  b.    Akademie  der 

Wisseoschaften. 

Italj  — 

Kouiglicbe  Sternwarte. 

Bologna.    Inatituto  di    Bologna. 

Nassau.    Nassauische  Verein. 

Catania.    Accademla  Gioenia  di 

NOrnberg.     Xaturhistorische  Qe- 

Scienze  Natural!  in  Catania 

seUscbatt. 

Florence.    B.  Institute  di  Studi 

Begensburg.      (Bavaria.)    N'atur- 

Superior!    Practici  e  di  Pet- 

wisseuscbaftliche   Verein  zu 

fezrouameuto. 

Begeusburg. 

Biblioteca  Nazionale  Centrale 

Historische    Verein  von  Ober- 

.    diFirenze. 

pfalz  und  Regensbnrg. 

Milan.    Reale  Instituto  Lombar- 

Strassburg.  *  Kaiserliche  Uniyer- 

do  di  Scienze  e  Lettere. 

sit^ta-  u.  I^ndes-Bibliothek. 

Modena.    Societa  dei  Naturalist!. 

Wiesbaden.    Xassauisobe  Verein 

Regia   Accademia    di    Scienze 

(Or  Naturkunde. 

Lettere  ed  Art,i. 

VI 
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Ital}  — Continued. 
Naples.    KAuomalo  (Doctor  An- 
gelo  Zuccarelli,  Via  Salvator 
Rosa  No.  38). 
Sociotd  Italiaua  dellc  Sciouze. 
*  Societa  di  Naturalisti  in  Na- 
poli. 
Palermo.    (Sicily)    Reale  Accade- 
mia  di     Scienzo,    Lettere    e 
Belle  Arti  di  Palermo. 
Pisa.    Socrietii  Toscana  di  Scienzi 

Naturali. 
Rome.    Miuistero  della  Pubblica 
Lstruzione. 
Comitato  Geologico  d'ltalia. 

Jara  — 

Batavia.  K6ui>?liche  Verein  fur 
Naturkundo  (Koninklijko 
Natuurkundige  Vereinigung ). 

Mexico  -  - 

M<'xi('o.     S<)<'U'<hi<l    lie   Clco^'rafi.'i 

V  Kst;i<li^ti<'a  tl«'  hi  R«.'inil»li('ii 

M«\\U'jiiia. 
Mus(*()  Xncioiial. 
Si>c*io(lad   Moxicana  (1(?  Historia 

Natural. 
S()('i«'<lad     Cn'iitifica  "Antonio 

Alzato." 
TacMil>aya.     Obscrvatorio  Astron 
«'>mi('o  Nacioual  «!«'  Tacubaya. 

Norway 

l>«.'rir''n.     I>«T.Lr«'ii  Musoum. 
Christiana.     Xorwctrian    Meteor- 
oloKioal  Institute'. 
Norsko    (iradniaalingskommis- 

sion. 
Vi(l('UskabsS<'lskal)et  i  Christi 

ania. 
University  of  Christian  in. 


Portugral  — 
Lisbon.    Academia  Heal  das  Sci- 
encias  do  Lisbon. 

Russia  — 

Kharkow.    Societe   des   Natural- 
istes  a  I'Universite  Imperiale 
de  Kharkou. 
Moscow.    Societe   Imperialo  des 

Naturalistos  de  Moscou. 
Meteorologisches  Observatorium 
der      Landwirthscbaftlichen 
Akademie . 
Odessa.   *ClubAlpin  de  Crimea 
(M.  le  prof.  Kamieuski,  Sec'y. 
Odessa,  Russia.) 
St.  Petersburg.    Royal  Free  Econ- 
omical Society  of  St.   Peters- 
burg. 
Comite  Greolo^que. 
Acti  Horti  Petropolitaui. 
Royal  Academy  of  Sciouces. 
Physikalischos    Central -Obser- 
vatorium. 


Soot  land  — 

Kdinbur^'li.      Royal     Society 
Edinbur^'h. 


of 


Spain 

IJarculona.*  Iloal  Aciul(Muia  de 
Cioncias  \  Artos  do  Harcolo- 
na. 

1 
I 

'      Madrid.  KoalAcadt^mia do  hi  His- 
toria. 

Swodon  -- 

Luu<l.    University  of  Lund. 
Stockholm.      Kongliga     Svonska 

Votcnskaps  Akademioiis. 
Koukd.  Vitti*rhots  Historic  och 

Antik'vitcts  Akudemiens  Man- 

adsbhul. 


List  of  Corresponding  Societies. 
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Sweden— Continued. 
Upsala.    University  of  Upsala. 
Koyal  Society  of  Science. 

Sirltaerland  — 
Basel.    Naturforschende   Gesell- 

schaft. 

Berne.  Schweizerische  Natur- 
forschende Gesellschaft. 

Frauenfeld.  Thurgauische  Na- 
turforschende Oesellschaft. 

Freibourg.  Soci6t6Fribourgeoise 
des  Sciences  Naturelles. 

Lausanne.  Society  Vaudoise  des 
Sciences  Naturelles. 

Neuchatel.  Societe  des  Sciences 
Naturelles. 

St.  Gallen.  St.  Gallisohe  Na- 
tur  wissenschaftliche  Gesell- 
schaft. 

Ztlrich.   Naturforschende  Gesell- 
schaft. 
Schweitzerische  botanische  Ge- 
sellschaft. 


United  States- 
Abkansas: 
Little  Rock.    *  Geological  Sur- 
vey of  Arkansas. 

California: 

Berkeley.  Agricultural  Experi- 
ment Station  of  University  of 
California. 

Sacramento.  California  State 
Mining  Bureau.  Wm.  Irelan, 
Jr.,  State  Mineralogist. 

San  Diego.  "  The  West  Amer- 
ican Scientist." 

San  Francisco.  California  Acad- 
emy of  Sciences. 

San  Jose.    Lick  Observatory. 


United  States— Continued. 

COLOIIADO: 

Colorado  Springs.  *  Colorado 
College  Scientific  Society. 

Denver.  The  Colorado  Scien- 
tific Society. 

Golden.  State  School  of  Mines. 

District  op  Columbia: 
Washington.  U.  S.  Naval  Obser- 
vatory. 

U.  S.  Geological  Survey.    J. 
W.  Powell,  Director. 

Library  of  War  Department. 

^National  Greographic  Society. 

Smithsonian  Institution. 

Bureau  of  Education. 

The  American  Monthly  Mi- 
croscopical Journal. 

Weather   Bureau,    Dep't    of 
Agriculture. 

U.  S.  National  Museum. 

Illinois: 

Avon.  The  American  Anti- 
quarian and  Oriental  Jour- 
nal, edited  by  Stephen  D. 
Peet. 

Champaign.  Illinois  State  Lab- 
oratory of  Natural  History. 

Springfield.  *Geological  Sur- 
vey of  Illinois. 

Indiana: 

Brookville.  ^Indiana  Academy 
of  Science. 

Indianapolis.  *Geological  Sur- 
vey of  Indiana. 

Iowa: 
Des  Moines.    Iowa  Academy  of 
Sciences. 
Kansas: 
Topeka.    The  Kansas  Academy 
of  Sciences. 
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Cnlted  StBtPS-Continued. 

United  States-Cominuet 

ItLvKVLAND: 

New  Jebsi^v: 

Baltimor.'.  Johua  Hojikiiiji  Uni- 

Tri'nton.   TheTreoti; 

TtTsity. 

History  Society. 

Massac  lit*  setts: 

Princeton.    'Mu-ienn 

Bostaii.     n.)sloii     Society     of 

(lyuiitl  .Vrehaeoloiiry 

Xatiirul  ilislorj-. 

ton  CoUece. 

Xew  Vobk: 

IW-UtiiiluK>-. 

AlbRuy.    Xew  York  ! 

Aucrii'Hii  .Vcailumj-  of  Arts 

stum  of  Natural  : 

au.l  Si'ieucr*. 

N'ijw  Vork  Stiite  Lil 

Cambri.i-e.      iHarviird      Uiiiy.i 

UuiverMty    of    tho 

Musi'iim  of  CVnujmrativi-  Zo- 

New  Vi.rk. 

olopj-. 

New    V.irk.    Torrey 

*Hiirv!ir.l  Uiiivcrsitj-  Lihriiry. 

Cliil.. 

Siik'iu.    Tlio  AniiTii'jiu  A>^tn'i:i- 

*Tbe  .Uik:  AQiiart- 

tiou  for  ilio  Aiirauet'iuciit  of 

ual  of  Oriiitliolo^ 

Si'i.'in'c. 

.\iutrii-iui  Miiitiimi 

Wor.'.>-i:i'r.        Ameri.-uii    Aiiti- 

History.     itViitra 

iliiiiriuu  Sot-ifty. 

New  Vork  Micro^x 

MuHiaAs: 

cirty. 

l^msiri;,'.      ■  I  i.v  .1....-LmI    Siirvi'v 

*  AmiTii-;i!i  rii\ps:Tai 

..,  Mi..l,i...„. 

.■i.-ry. 

,, 

Tij- IV-'hui.-.i!  lu.l 

v.,.y 

f  MiiiiL^i 

MinT!- 

[..U^.     Mi 

.'-.uy 

.1  N:ilur:ii 

.K.-.r.:-!-- 

.;i      Ci;v. 

S'ir\ 

■v  ,.f  Ml  — 

SI.  L  . 

;-,     Mi". 

■t:.  A.-:iU; 

ClMiM-l  Hill,    -.i..,.!.,^ 

llL-"..                     i 

(-..)■  ...f  N..rth  C-:ir. 

1 

Tb.-  Kli'k.  .Miti-lK-U 

..-IvWi 

;S'H-iv(y. 
On:...: 

i>t;iw;ii: 

Cii,^-Liiii:iti.    Ciiii'inu:. 

1 

.■i.ViU:irallIi:.T-.ry. 

i.  ■i.x-  <■{ ' 

Cl-v.-l..ui.       01.:.vc-!;.t 

! 

(■my  ..t  Natural  Si-i. 

-i<    C'iiy  ] 

0-'lii:nl'U-,     "iiio    Ai.- 

lUuhi^-l 

i;.tlorimeut  Stnri 

■ai:vlU,.    •  .I,:.„n,al 
ranitiv,.  Xi.ur.J  ■.. 


-^ 


Ust  of  Corrtsponding  Societies. 


United  StatM-SontiDued. 

Dnlted  SUt«8-OoiUinued. 

Ohio: 

Texas: 

Granville.     •Bulletin    of    the 

Austin.    •  Geological  Survey  of 

Scientlflo    Laboratories     of 

Texas. 

Denison  University.    (W.  G. 

•  Morgantown.    West  Virginia 

Fennstltahia: 

University. 

Harrisburg.   Seoond  Geological 

Survey  of  PennBylvauia. 

WiacossiN: 

Philadelphia.    Academy  of  Nat- 

Madison.    Agricultural  Experi- 

ment Station  of  University  of 

♦  The  American  Naturalist. 

Zoological  Society  of  Phila- 

State Historical  Society. 

delphia. 

University  of  Wisconsin. 

State  CoUege.  (Center  County.) 

Washburn  Observatory  of  Uni- 

versity of  Wisconsin. 

lego  Agricultural  Experiment 

Milwaukee.      Natnrhistorische 

Station. 

Verein  von  Wisconsin. 

The  following  Colleges  and  Incorporated  Academies  of  the  state  are 
entitled  to  receive  the  Transactions  of  the  Academy: 

Northwestern  University,  Watertown. 

Milwaukee  Academy,  Milwaukee. 

University  of  Wisconsin,  Madison. 

Ecclesiastical  College  of  St.  Lawrence,  Mt.  Calvary,  Fond  du  Lao 

County. 
-Carroll  College,  Waukeslta. 

Pio  None  College,  St.  Francis,  Milwaukee  County. 
Sacred  Heart  College,  Watertown. 
Lawrence  University,  Appleton. 
Beloit  College,  Beloit. 
Yale  CoUege,  Galesville. 
Concordia  CoUege,  Milwaukee. 
Bipon  College,  Ripon. 
German  English  Academy,  Milwaukee. 
Nashota  House,  Nashota. 


X  Wiscofisin  Academy  of  Sciences y  Arts  and  Letters, 

The  Public  Ldbraries  of  the  following  places  in  the  state  are  entitled 
to  receive  the  Transactions  of  the  Academy: 

Ashland,  Marinette, 

Beaver  Dam,  Menominee, 

Eau  Claire,  Merrill, 

Fond  du  Lac,  Milwaukee, 

Green  Bay,  Neenah, 

Janesville,  Sparta, 

La  Crosse,  Superior, 

Madison,  Tomahawk, 

Manitowoc,  Waupun. 


CHARTER. 


AN   ACT  TO  INCORPORATE  THE  "WISCONSIN  ACADEMY  OF 

SCIENCES,  ARTS  AND  LETTERS." 

Thepeaple  of  the  State  of  Wisconsin,  represented  in  senate  and  assembly, 
do  enact  as  follows: 

Section  1.  Lucius  Fairchild,  Nelson  Dewey,  John  W.  Hoyt,  In- 
crease A.  Lapham,  Alexander  Mitchell,  Wm.  Pitt  Lynde,  Joseph  Hob- 
bins,  E.  B.  Woloott,  Solon  Marks,  R  Z.  Mason,  G.  M.  Steele,  T.  C.  Cham- 
berlin,  James  H.  Eaton,  A.  L.  Chapin,  Samuel  Fallows,  Charles  Preuser, 
Wm,  E.  Smith,  J.  C.  Foye,  Wm.  Dudley,  P.  Englemann,  A.  S.  McDill,  John 
Murrish,  Geo.  P.  Delaplaine,  J.  G.  Knapp,  S.  V.  Shipman,  Edward  D.  Hol- 
ton,  P.  R  Hoy,  Thaddeus  C.  Pound,  Charles  E.  Bross,  Lyman  C.  Draper, 
John  A.  Byrne,  O.  R.  Smith,  J.  M.  Bingham,  Henry  BaBtz,  LI.  Breese, 
Thos.  S.  Allen.  S.  S.  Barlow,  Chas.  R.  GiU,  C.  L.  Harris,  George  Reed, 
J.  G.  Thorp,  William  Wilson,  Samuel  D.  Hastings  and  D.  A.  Baldwin,  at 
present  being  members  and  officers  of  an  association  known  as  '*  The 
Wisconsin  Academy  of  Sciences,  Arts  and  Letters,"  located  at  the  city 
of  Madison,  together  with  their  future  associates  and  successors  forever, 
are  hereby  created  a  body  corporate  by  the  name  and  style  of  the  "  Wis- 
consin Academy  of  Sciences,  Arts  and  Letters,**  and  by  that  name  shall 
have  perpetual  succession;  shall  be  capable  in  law  of  contracting  and 
being  contracted  with,  of  suing  and  being  sued,  of  pleading  and  being 
impleaded  in  all  courts  of  competent  jurisdiction;  and  may  do  and  per- 
form such  acts  as  are  usually  performed  by  like  corporate  bodies. 

Section  2.  The  general  objects  of  the  Ac£idemy  shall  be  to  encourage 
investigation  and  disseminate  correct  views  in  the  various  departments 
of  science,  literature  and  the  arts.  Among  the  specific  objects  of  the 
Academy  shall  be  embraced  the  following: 

1.  Researches  and  investigations  in  the  various  departments  of  the 
material,  metaphysical,  ethical,  ethnological  and  social  sciences. 

2.  A  progressive  and  thorough  scientific  survey  of  the  state,  with  a 
view  of  determining  its  mineral,  agricultural  and  other  resources. 

3.  The  advancement  of  the  useful  arts,  through  the  applications  of 
science,  and  by  the  encouragement  of  original  invention. 

4.  The  encouragement  of  the  fine  arts,  by  means  of  honors  and  prizes 
awarded  to  artists  for  original  works  of  superior  merit. 

5.  The  formation  of  scientific,  economical  and  art  museums. 
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ij.  The  ciicouraKomcut  of  philoloRical  sud  biNtorli^l  reseat 
colloctiuu  and  prescrration  ot  historic  records,  aud  the  format 
goucral  libruTj. 

7.  The  difftisioii  or  knuwlodgu  l>y  tlio  publiciitianof  original  Co 
tions  to  Hck'nce,  litfratiire  itud  tliu  arts. 

Skctiox  3.  Haid  .Uwiemy  niayliavis  acomiuonsoalaud  alter  tl 
at  iileiLKuro:  may  unluiii  and  enforce  siifh  constitution,  rc^ulatl<. 
by-laws  as  may  Ih.'  niH-ossary,  uud  alter  the  hanio  at  plcas'ure;  may 
anil  lioM  iviil  uud  pei'sonal  property,  uud  maj-  use  aud  dispuisc 
BHinc  at  plLiisiire:  jir'irhli-il,  that  it  shall  not  divert  any  douation 
quest  from  the  uses  uud  o)ije<rt.s  propi>scd  by  the  donor,  aud  that  i 
the  proi«;rty  ueiniireil  liy  it  shall,  iu  any  manuer.lw  alioiiate'l  oth 
inthewayof  uu<'xoh.iU|{eof  ihiiilicati.<s]>i.'cimen.s,1iaoks,ani'lother 
with  similiir  iustitutiuus  auil  iu  tlie  muuucr  speclQed  iu  the  next 
of  thU  act,  without  the  winseut  of  thi-  legislature 

Sectiox  4.  It  shall  Ih.1  thi-  duty  i)f  the  said  Acarieinj',  so  far 
same  may  bi'  done  witJiuut  dctriuicnt  to  its  own  pollw-tions.  to  f 
Htthe  discrotiou  of  its  o  I  lifers,  duplii'iite  typical  iip<>cimeus  of  ■ 
in  uatui-al  history  In  the  Uuiversity  of  WisfoiLshi,  aud  to  the 
schools  aud  collpges  of  the  ^tale. 

Sei'tiox  '',  It  shall  he  the  duty  of  ■^aid  Aoademy  to  keep  a  < 
reoor.1  of  all  ils  lluaueial  imd  other  truiisactious.nnd  at  the  close  c 
flsi-alyciir,  the  pivsidcut  theronl' shall  irport  the  same  to  the  ^i 
of  I  h-  statn.  to  Ih-  by  him  laid  liof.in-  ( he  le-rislat  ure. 

Si:<Tic>N  i;.  Tin-  .Mii-tiliitinn  iii.d  liy-lnw^  nf  siiid  Afiidi-my  i 
r..rci.  >li:ill  ir.ivi.fli  1h..i-or|"in,tiori  hi-n^liy  iTr:ili>.l.  until  li'L'ulariy  : 
oiT..|.riLl.-il;  iiud  lh«r   l.tv-.-rit    ulti.'.T^  .if  -iii.i  A.'nd.'my  shall   In', 


of  tl 


1  t1i.-ir 
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ball  i'<ruho-ly  ••\|>in'.  ..r  iiu1.il  t  licir  pi; 

■i-s  shall  be  ..Ih.-nviseva 

Si:iTi<iv  7.     Any  i-\is1iiiLr  s.n-ii.-ry  oi' 
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CONSTITUTION. 


NAME  AND  LOCATION. 

Seotion  1.  This  assooiatiou  shall  be  called  *'  The  Wisconsin  Academy 
of  Sciences,  Arts  and  Letters,"  and  shall  be  located  at  the  city  of 
Madison. 

GENERAL  OBJECTS. 

Section  2.  The  general  object  of  the  Academy  shall  be  to  encourage 
investigations  and  disseminate  correct  views  in  the  various  departments 
of  Science,  Literature  and  the  Arts. 

DEPABTMENTS. 

» 

Section  3.  The  Academy  shall  comprise  separate  Departments,  not 
less  than  three  in  number,  of  which  those  first  organized  shall  be: 

la^.    The  Department  of  Speculative  PhUoaaphy  — 

Embracing: 

Metaphysics; 
Ethics. 

2d.    The  Department  of  the  Social  and  PolitiocU  Sciences  — 

Embracing: 

Jurisprudence; 

Political  Science; 
Education; 
Public  Health; 
Social  Economy. 

8d.    The  Department  of  the  Natural  Sciences — 

Embracing: 

The  Mathematical  and  Physical  Sciences; 

Natural  History; 

The  Anthropological  and  Ethnological  Sciences. 

4th.    The  Departm,ent  of  the  Arts  — 

Embracing: 

The  Practical  Arts; 
The  Fine  Arts. 
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Xiih,    The  Department  of  Letters— 

Embracing: 

Lauguage; 
Literature; 
Criticism; 
Hi«tory. 

Section  4.  Any  branch  of  these  Departments  may  be  constituted  a 
section;  and  any  section  or  group  of  sections  may  be  expanded  into  a 
full  department,  whenever  such  expansion  shall  be  deemed  important. 

Section  5.  Any  existing  society  or  institution  may  be  constituted  a 
Department,  on  terms  approved  by  two-thirds  of  the  voting  members 
present  at  two  suc<;essive  regular  meetings  of  the  Academy. 

SPECIAL  OBJECTS  OF  THE   DEPARTMENTS. 

Section  G.  The  specific  objects  of  the  Department  of  Science  shall 
be: 

1.  General  Scientific  Research. 

2.  A  progressive  and  thorough  Scientific  Survey  of  the  State,  under 
the  direction  of  the  Officers  of  the  Academy. 

3.  The  formation  of  a  Scientific  Museum. 

4.  The  Diffusion  of  Knowledge  by  the  publication  of  Original  Con- 
tributions to  Science. 

The  objects  of  the  I")e])ai'tiuont  of  Arts  shall  V)e: 

1.  Tlio  Advjinct'iiK'ut  of  tho  Us«'t'ul  Arts,  thnnigh  the  Applications  of 
Science  ami  tlu*  I'Jicnnrai^einout  of  Ori^'iiial  Invention. 

"2.  Th«'  Rnctmra^'i'UU'nt  of  thi*  Fini*  Arts  and  tlio  Improvement  of  the 
Piil)lic  Tasti'.  l)y  ni«»an>  of  Honors  and  Prizes  awarded  to  Works  of 
Superior  nieril,  hy  Ori^'inal  Contributions  to  Art,  and  the  formation  of 
an  Art  Museum. 

The  object  of  the  I)ej)artnient  of  Letters,  shall  bo: 

\.    The  Kncoura^'enient  of  Philolo;zical  and  Historical  Research. 

-.    The  Improvement  of  tlie  Kurdish  Lantrua^e. 

3.  The  C'olh'ction  and  Preservation  of  Historic  Records. 

4.  The  Formjition  *>f  a  (I«-neral  Librarv. 
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Section  7.  'J'he  Academy  sludl  eml)race  four  classes  of  j^ovoruiui? 
members  who  shall  1m'  admitted  l)y  vote  of  the  Academy,  iu  the  man- 
ner to  be  ]»r<»scribed  in  the  Hy-Laws: 

1st.  Annual  Meml)ers,  who  shall  pay  an  initiation  fee  of  live  dollars, 
and  thereafter  an  annual  f^e  of  two  dolhws. 

*Jd.     Members  for  Life,  who  sliall  pay  a  fee  of  one  hundred  dollars. 
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3d.  Patrons,  whose  contributions  shall  not  be  less  than  five  hun- 
dred dollars. 

4th.  Founders,  whose  contributions  shall  not  be  less  than  the  sum  of 
one  thousand  dollars. 

Provision  may  also  be  made  for  the  election  of  Honorary  and  Cor- 
responding Members,  as  may  be  directed  in  the  By-Laws  of  the 
Academy. 

MANAGEMENT. 

• 

Section  8.  The  management  of  the  Academy  shall  be  entrusted  to  a 
Oeneral  Council;  the  immediate  control  of  each  Department  to  a  De- 
partment Council.  The  General  Council  shall  consist  of  the  officers  of 
the  Academy,  the  officers  of  the  Departments,  the  Governor  and  Lieu- 
tenant Governor,  the  Superintendent  of  Public  Instruction,  and  the 
President  of  the  State  University,  the  President  and  Secretary  of  the 
State  Agricultural  Society,  the  President  and  Secretary  of  the  State 
Historical  Society,  Counselors  ex  officios,  and  three  Counselors  to  be 
elected  for  each  Department.  The  Department  Councils  shall  consist  of 
the  President  and  Secretary  of  the  Academy,  the  officers  of  the  Depart- 
ment, and  three  Counselors  to  be  chosen  by  the  Department. 


OFFICEBS. 

Section  9.  The  officers  of  the  Academy  shall  be:  a  President,  who 
shall  be  ex-offldo  President  of  each  of  the  Depsu*tments;  one  Vice-Presi- 
dent for  each  Department;  a  General  Secretary;  a  General  Treasurer;  ar 
Director  of  the  Museum,  and  a  General  Librarian. 

Section  10.  The  officers  of  each  Department  shall  be  a  Vice-Presi- 
dent, who  shall  be  ex-offlcio  a  Vice-president  of  the  Academy;  a  Secre- 
tary and  such  other  officers  as  may  be  created  by  the  General  CounciL 

Section  11.  The  officers  of  the  Academy  and  the  Departments  shall 
hold  their  respective  offices  for  the  term  of  three  years  and  untU  their 
successors  are  elected. 

Section  12.  The  first  election  of  officers  under  this  Constitution  shall 
be  by  its  members  at  the  first  meeting  of  the  Academy. 

Section  13.  The  duties  of  the  officers  and  the  mode  of  their  election, 
after  the  first  election,  as  likewise  the  frequency,  place  and  date  of  all 
meetings,  shall  be  prescribed  by  the  By-Laws  of  the  Academy,  which 
shall  be  framed  and  adopted  by  the  General  CounciL 

Section  14.  No  compensation  shall  be  paid  to  any  person  whatever, 
and  no  expenses  incurred  for  any  person  or  object  whatever,  except 
under  the  authority  of  the  Council. 
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RELATING  TO  AMEXDMEXTS. 

Section  15.  Every  proposition  to  alter  or  amend  this  constitutic 
shall  be  submitted  in  writing  at  a  reiiiralar  meeting;  and  if  two-thirds  ( 
the  members  present  at  the  next  regular  meeting  vote  in  the  aflftrmativ 
it  shall  be  adopted. 


AMENDMENTS  TO  THE  CONSTITUTION. 

Amendment  to  Section  3:  **The  Department  of  the  Arts  shall  h 
hereafter  divided  into  the  Department  of  the  Mechanic  Arts  and  th 
Department  of  the  Fine  Arts."  Passed  February  14, 1876. 


BY-LAWS. 


ELECTION  OF  MEMBERS. 

1.  Candidates  for  membership  must  be  proposed  in  writing,  by  a 
member,  to  the  General  Council  and  referred  to  a  Committee  on  Nom- 
inations, which  Committee  may  nominate  to  the  Academy.  A  majority 
vote  shall  elect.  Honorary  and  corresponding  members  must  be  per- 
sons who  have  rendered  some  marked  service  to  Science,  the  Arts,  or 
Letters,  or  to  the  Academy. 

ELECTION  OF  OFFICEBS. 

2.  All  officers  of  the  Academy  shall  be  elected  by  ballot. 

MEETINGS. 

2.  The  regular  meetings  of  the  Academy  shall  be  held  as  follows: 
On  the  2d  Tuesday  in  February,  at  the  seat  of  the  Academy;  and  in 
July,  at  such  place  and  exact  date  as  shall  be  fixed  by  the  Council;  the 
first  named  to  be  the  Annual  Meeting.  The  hour  shall  be  designated  by 
the  Secretary  in  the  notice  of  the  meeting.  At  any  regular  meeting,  ten 
members  shall  constitute  a  quorum  for  the  transaction  of  business. 
Special  meetings  may  be  called  by  the  President  at  his  discretion,  or  by 
request  of  any  five  members  of  the  General  Council. 

DUTIES  OF  OFFICEBS. 

D  4.  The  President,  Vice-President,  Secretaries,  Treasurer,  Director  of 
the  Museum  and  Librarian  shall  perform  the  duties  usually  appertain- 
ing to  their  respective  offices,  or  such  as  shall  be  required  by  the  Coun- 
cil. The  Treasurer  shall  give  such  security  as  shall  be  satisfactory  to 
the  Council,  and  pay  such  rate  of  interest  [on  funds  [held  by  him  as  the 
Council]  shall  [determine.  Five, members  of  the  General  Council  shall 
constitute  a  quorum. 
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COMMITTEES. 

5.    There  shall  be  the  following  Standing  Committees,  to  consist  of 
three  members  each,  when  no  other  number  is  specified: 

On  Nominations. 

On  Papers  presented  to  the  Acad€*A*y. 

On  fiance. 

On  the  Museum. 
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On  tho  Library. 

On  tho  Scientific  Survey  of  the  State:  which  Committee 
shall  consist  of  the  Governor,  the  President  of  the  State 
University,  and  the  President  of  this  Academy. 

On  Publication;  which  Committee  shall  consist  of  the  Presi- 
dent of  the  Academy,  the  Vice-Presidents,  and  the  Gen- 
eral Secretary. 

MUSEUM   AND  LIBRARY. 

6.  No  books  shall  be  taken  from  the  Library,  or  works  or  specimens 
from  the  Museum,  except  by  authority  of  the  General  Council;  but  it 
shall  be  the  duty  of  said  Council  to  provide  for  the  distribution  to  the 
State  University  and  to  the  Colleges  and  Public  Schools  of  the  Stat^,  of 
such  dui)licates  of  typical  specimens  in  Natural  History  as  the  Academy 
may  be  able  to  supply  without  detriment  to  its  collections. 

ORDER  OF    BUSINESS. 

7.  The  order  of  business  at  all  regular  meetings  of  the  Academy  or  of 
any  Department,  shall  be  as  follows: 

Reading  of  minutes  of  pre\'ious  meeting. 

Reception  of  donations. 

Reports  of  officers  and  committees. 

Deferred  business. 

New  business. 

Iv(Mi(liu^'  and  disoussirin  of  papors. 

SrSPENSIOX   AND   AMENDMENT   OF   BY-LAWS. 

^,  The  By-Lsiws  may  bo  susi)ond(.Ml  by  a  unanimous  vote,  and  in  c^^^e 
of  tho  ord<>r  of  huNiuoss  a  majority  may  suspoud.  Thoy  may  be  amended 
in  tlio  same  manner  as  is  provided  for  in  tho  Constitution,  for  it> 
amendment. 
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